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ABSTRACT 

An i n v e s t i g a t i o n  of a s l o t t e d  s t a t o r  i n  a s i n g l e - s t a g e  compressor 

was conducted a s  p a r t  of a n  o v e r a l l  program t o  e v a l u a t e  t h e  e f f e c t  of 

s l o t s  on t h e  performance of  h i g h l y  loaded compressor  r o t o r  and s t a t o r  

b l a d e  rows. The s t a t o r  vanes were 6 5- s e r i e s  a i r f o i l s  of c o n s t a n t  camber 

and b l a d e  chord  a n g l e .  The u n s l o t t e d  d e s i g n  d i f f u s i o n  f a c t o r  and t h e  

d e s i g n  i n l e t  Mach number were 0.521 and 0.644,  r e s p e c t i v e l y ,  a t  a r a d i a l  

p o s i t i o n  90% of span  from t h e  vane t i p s .  

l o s s  c o e f f i c i e n t s  were h i g h e r  t h a n  p r e d i c t e d .  The measured d i f f u s i o n  

f a c t o r  a t  90% of  span  from t h e  s t a t o r  t i p  was 0.46 a t  d e s i g n  i n c i d e n c e .  

Measured d e v i a t i o n  a n g l e s  and 
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SECTION 1 
SUMMARY 

J 

, 

A performance  i n v e s t i g a t i o n  of a 6 5- s e r i e s  s l o t t e d  s t a t o r  was made i n  

a s i n g l e - s t a g e  a x i a l  f l ow compressor  r i g .  T h i s  i n v e s t i g a t i o n  was one 

p o r t i o n  of  a performance e v a l u a t i o n  program t o  de te rmine  t h e  e x t e n t  t o  

which s l o t t e d  b l a d e  c o n c e p t s  cou ld  be used t o  i n c r e a s e  t h e  a l l o w a b l e  

b l a d e  load ings  and s t a b l e  o p e r a t i n g  r ange  of s u b s o n i c  compressor s t a g e s .  

The t e s t  s t a t o r  was des igned w i t h  an a s p e c t  r a t i o  of 1 .663 ,  a un i fo rm 

chord  l e n g t h  of 2 . 1 8 2  i n c h e s  and midspan s o l i d i t y  of 1 . 0 9 9 .  The p r e d i c t e d  

u n s l o t t e d  hub v a l u e s  of d i f f u s i o n  f a c t o r  and i n l e t  Mach number were 0 .521  

and 0.644 r e s p e c t i v e l y ;  t h e  p r e d i c t e d  d e v i a t i o n  was 10.14 d e g r e e s .  Flow 

i n t o  t h e  s t a t o r  vane row was provided by a f low g e n e r a t i o n  r o t o r .  

The measured s t a t o r  r o o t  and t i p  d i f f u s i o n  f a c t o r  co r re spond ing  t o  

d e s i g n  r o t o r  speed  and f low c o n d i t i o n s  were 0 . 5 3  and 0 . 4 8 ,  r e s p e c t i v e l y .  

D e v i a t i o n  a n g l e s  a t  r o o t  and t i p  were a b o u t  8 and 6 d e g r e e s  l a r g e r ,  

r e s p e c t i v e l y ,  t h a n  t h e  p r e d i c t e d  u n s l o t t e d  d e s i g n  v a l u e s .  Loss coe f-  

f i c i e n t s  were a l s o  h i g h e r  t h a n  p r e d i c t e d .  

1-1 
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SECTION I1 
INTRODUCTION 

P r a t t  & Whitney A i r c r a f t  i s  engaged i n  a program under  NASA Con- 

t r a c t  NAS3-7603 t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  of s l o t s  t o  a x i a l  f low 

compressor r o t o r s  and s t a t o r s .  A s y s t e m a t i c  i n v e s t i g a t i o n  i s  b e i n g  

conducted t o  e s t a b l i s h  t h e  f e a s i b i l i t y  and e x t e n t  t o  which s l o t t e d  b l a d e  

c o n c e p t s  c a n  be used t o  i n c r e a s e  a l l o w a b l e  b l a d e  l o a d i n g s  and t h e  s t a b l e  

o p e r a t i n g  range  of compressor  s t a g e s .  To accomplish  t h i s  o b j e c t i v e ,  t h r e e  

s t a t o r  b l a d e  rows and t h r e e  r o t o r  b l a d e  rows r e p r e s e n t i n g  a p r o g r e s s i o n  

i n  d e s i g n  d i f f u s i o n  f a c t o r s  have been b u i l t  f o r  t e s t .  I n  t h e  s t a t o r  

t e s t s ,  a r e p r e s e n t a t i v e  s t a t e - o f - t h e - a r t  r o t o r  and i n l e t  gu ide  vanes a r e  

used t o  g e n e r a t e  t h e  s t a t o r  i n l e t  f low.  

The aerodynamic a n a l y s i s  and d e s i g n  of  t h e  t e s t  b l a d i n g  and a s s o c i a t e d  

hardware were accomplished under t h e  d e s i g n  phase  of t h e  program and a r e  

summarized i n  Refe rence  1. A l l  r o t o r s  and s t a t o r s  were des igned  w i t h  t h e  

same r o t o r  e x i t  and s t a t o r  i n l e t  a b s o l u t e  v e l o c i t i e s  and a i r  a n g l e  d i s t r i -  

b u t i o n s  t o  p e r m i t  t e s t i n g  of any combinat ion of r o t o r  and s t a t o r .  F o r  

d e s i g n  p u r p o s e s ,  i t  was assumed t h a t  t h e  f low d e v i a t i o n  a n g l e s  f o r  s l o t t e d  

r o t o r s  and s t a t o r s  would be  h a l f  t h a t  o f  co r respond ing  u n s l o t t e d  r o t o r s  

and s t a t o r s .  A s  p a r t  of t h e  d e s i g n  e f f o r t ,  a ser ies  of a n n u l a r  cascade  

tes t s  of s l o t t e d  s t a t o r s  was conducted t o  e s t a b l i s h  p r e l i m i n a r y  c r i t e r i a  

f o r  t h e  d e s i g n  of s l o t t e d  r o t o r s  and s t a t o r s  f o r  t h e  r o t a t i n g  s t a g e  t e s t  

program (Reference 2 ) .  Data and performance r e s u l t s  o b t a i n e d  w i t h  s l o t t e d  

Rotors  1 and 2 a r e  p r e s e n t e d  i n  Refe rences  3 and 4 .  

T h i s  r e p o r t  p r e s e n t s  t h e  d a t a  and performance r e s u l t s  o b t a i n e d  w i t h  

t h e  f i r s t  s l o t t e d  s t a t o r  c o n f i g u r a t i o n  ( S t a t o r  1). This  s t a t o r  i s  

comprised of 6 5- s e r i e s  a i r f o i l  s e c t i o n s  having a d e s i g n  hub d i f f u s i o n  

f a c t o r  and i n l e t  Mach number ( u n s l o t t e d )  of 0.521 and 0.644,  r e s p e c t i v e l y .  

The d e s i g n  d i f f u s i o n  f a c t o r  of S t a t o r  1 i s  t h e  lowes t  of t h e  t h r e e  s t a t o r s  

des igned  f o r  t h i s  program. The s t a t o r  b l a d e s  were s l o t t e d  a t  approx imate ly  

55% chord and t h e  s l o t s  extended from 5 t o  95% span  i n  each  b l a d e .  

O v e r a l l  performance and b l a d e  e lement  d a t a  were o b t a i n e d  a t  70,  

90, 100, and 110% of t h e  d e s i g n  e q u i v a l e n t  r o t o r  speed .  B lade  e lement  

d a t a  were o b t a i n e d  f o r  a l l  t h r e e  b l a d e  rows a t  t h e  10, 30,  50, 70,  and 90% 

span l o c a t i o n s .  

11-1 
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Details  of t h e  tes t  equipment,  p r o c e d u r e s ,  and t e s t  r e s u l t s  f o r  

t h e  s l o t t e d  S t a t o r  1 t e s t  c o n f i g u r a t i o n  and p e r t i n e n t  d e s i g n  d e t a i l s  a r e  

p r e s e n t e d  i n  t h i s  r e p o r t .  

d e t a i l s  a r e  i n c l u d e d  i n  Reference  1. 

Complete aerodynamic and mechanical  d e s i g n  

11-2 
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SECTION I11 
TEST EQUIPMENT 

A .  FACILITY 

I 

The Compressor Resea rch  F a c i l i t y  i s  shown s c h e m a t i c a l l y  i n  f i g -  

u r e  111-1. The compressor  r o t o r  i s  powered by a s i n g l e - s t a g e  t u r b i n e  

u s i n g  e x h a u s t  gases  from a 575 s l a v e  eng ine .  Turb ine  speed i s  r e g u l a t e d  

by a h y d r a u l i c a l l y  a c t u a t e d  i n l e t  f l o w  c o n t r o l  v a l v e .  A two- stage e j e c t o r  

sys tem,  d r i v e n  by s l a v e  e n g i n e  e x h a u s t ,  i s  a v a i l a b l e  a t  t h e  compressor 

d i s c h a r g e  and i s  used f o r  t h e  compressor  boundary l a y e r  b l e e d  sys tem.  

The compressor induces  i t s  f l o w  th rough  a 1 0 3- f t  long  combined i n l e t  

d u c t ,  d i f f u s e r ,  plenum, and be l lmouth  i n l e t ,  and e x h a u s t s  th rough  a n  

e x i t  d i f f u s e r  t o  atmosphere.  Downstream of t h e  f low measuring o r i f i c e  

l o c a t e d  i n  t h e  i n l e t  d u c t ,  t h e  f low p a s s e s  through a 7-deg c o n i c a l  

d i f f u s e r  and i n t o  a plenum. Flow u n i f o r m i t y  i s  a s s u r e d  by a 1 O : l  a r e a  

c o n t r a c t i o n  r a t i o  between t h e  plenum and t h e  compressor r i g .  

The i n l e t  d u c t  and plenum a r e  mounted on a t r a c k  e n a b l i n g  them t o  

be  r o l l e d  away t o  f a c i l i t a t e  compressor r i g  c o n f i g u r a t i o n  changes .  The 

plenum i s  s e a l e d  t o  t h e  compressor r i g  i n l e t  s e c t i o n  w i t h  a n  i n f l a t a b l e  

r u b b e r  tube  s ea l .  

B .  COMPRESSOR TEST R I G  

The compressor r i g ,  shown i n  f i g u r e  111-2, comprises  be l lmouth  i n l e t ,  

t es t  s e c t i o n ,  and e x h a u s t  s e c t i o n .  

of 0 .8  and a r o t o r  t i p  d i a m e t e r  of  approx imate ly  40 i n .  The r o t o r  

assembly and s h a f t  a r e  suppor ted  on two b e a r i n g s  t h a t  t r a n s m i t  l o a d s  

t o  t h e  o u t e r  c a s e  th rough  s t r u t s  l o c a t e d  i n  t h e  i n l e t  and exhaus t  c a s e  

a s s e m b l i e s .  The t e s t  s e c t i o n  has  a s p l i t  o u t e r  c a s e  t h a t  pe rmi t s  gu ide  

vane,  r o t o r ,  and s t a t o r  assembly changes w i t h o u t  removing t h e  r i g  from 

t h e  t e s t  s t a n d .  A set  of  motor- dr iven t h r o t t l e  vanes i s  l o c a t e d  i n  t h e  

e x h a u s t  case t o  v a r y  f low r a t e .  

The t e s t  s e c t i o n  has a h u b / t i p  r a t i o  

A s e c t i o n  view o f  t h e  f low p a t h  i s  shown i n  f i g u r e  111-3. Flow i s  

a c c e l e r a t e d  th rough  t h e  i n l e t  s t r u t  s t a t i o n  and gu ide  vanes i n  a con-  

v e r g e n t  passage t o  t h e  r o t o r  i n l e t .  

remains c o n s t a n t  a t  32 .85 i n .  w h i l e  t h e  o u t e r  w a l l  converges  f u r t h e r  

T h e r e a f t e r ,  t h e  i n n e r  w a l l  d i a m e t e r  
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th rough  t h e  r o t o r  b l a d e  and s t a t o r  vane rows t o  a d i a m e t e r  o f  4 0  i n .  I n  

g e n e r a l ,  t h e  f low p a t h  s i m u l a t e s  t h a t  o f  a middle  s t a g e  of a s t a t e-  

of - t h e - a r t  m u l t i s  t a g e  compressor .  

P r o v i s i o n s  were made f o r  f l o w  t o  b e  b l e d  a t  t h e  r o t o r  t i p  and s t a t o r  

r o o t  and t i p ,  a s  shown i n  f i g u r e  111-4. Bleed a i r  f lows  th rough  p e r f o r a t e d  

p l a t e  s h r o u d s ,  shroud mani fo lds ,  and 24 approx imate ly  e q u a l l y  spaced t u b e s  

t o  i n d i v i d u a l  main c o l l e c t o r  mani fo lds  f o r  t h e  r o t o r  and s t a t o r .  The 

c o l l e c t o r  mani fo lds  a r e  exhaus ted  th rough  t h e  f a c i l i t i e s  e j e c t o r  sys tem.  

Rotor  and s t a t o r  b l e e d  f l o w  r a t e s  a r e  c o n t r o l l e d  and measured s e p a r a t e l y .  

C .  STAGE BLADING DESIGN 

To e x p e d i t e  t h i s  r e s e a r c h  program, t h e  aerodynamic and mechanical  

d e s i g n  of  t h e  b l a d i n g  was completed and f a b r i c a t i o n  i n i t i a t e d  p r i o r  t o  

t h e  comple t ion  of t h e  a n n u l a r  c a s c a d e  program. F i n a l  s l o t  c o n f i g u r a t i o n s  

were based on t h e  r e s u l t s  of t h e  cascade  t e s t s .  The d e s i g n  d e t a i l s  f o r  

t h e  i n l e t  gu ide  vane f low g e n e r a t i o n  r o t o r  and s l o t t e d  S t a t o r  1 a r e  g i v e n  

i n  Reference  1. P e r t i n e n t  d e s i g n  i n f o r m a t i o n  i s  g i v e n  below f o r  

convenience .  

1. I n l e t  Guide Vane 

The i n l e t  gu ide  vanes were des igned  t o  p r o v i d e  a r o t o r  p r e w h i r l  d i s t r i -  

b u t i o n  of  3 8 . 2  deg a t  t h e  r o o t  (90% span)  t o  3 9 . 8  deg a t  t h e  t i p  (10% s p a n ) .  

NACA 6 3- s e r i e s  b l a d e  s e c t i o n s  were chosen f o r  t h i s  purpose .  D e t a i l s  o f  

t h e  gu ide  vane d e s i g n  a r e  p r e s e n t e d  i n  t a b l e  111-1. 

2 .  Flow Genera t ion  Rotor  

NACA 6 5- s e r i e s  b l a d e  s e c t i o n s  were s e l e c t e d  f o r  t h e  f low g e n e r a t i o n  

r o t o r  b l a d i n g .  

3 6 . 8  deg a t  t h e  r o o t  (90% span)  t o  34.5 deg a t  t h e  t i p  (10% span)  and w i t h  

d e s i g n  d i f f u s i o n  f a c t o r  a t  t h e  r o t o r  t i p  of 0.379.  Deta i l s  of t h e  r o t o r  

d e s i g n  a r e  p r e s e n t e d  i n  t a b l e  111-1. 

The b l a d i n g  was des igned  w i t h  a camber d i s t r i b u t i o n  of 
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3. S t a t o r  1 

a .  Blade  Design 

S l o t t e d  S t a t o r  1 b l a d i n g  was des igned  w i t h  a c o n s t a n t  e q u i v a l e n t  

c i r c u l a r  a r c  camber o f  30  deg and a c o n s t a n t  (37.2 deg)  b l a d e  chord  a n g l e .  

The s t a t o r s  a r e  6 5 - s e r i e s  a i r f o i l  s e c t i o n s  w i t h  a d e s i g n  r o o t  d i f f u s i o n  

f a c t o r  of 0.521 ( u n s l o t t e d )  w i t h  a n  i n l e t  Mach number of 0.644.  A d d i t i o n a l  

d e t a i l s  of  t h e  S t a t o r  1 d e s i g n  a r e  p r e s e n t e d  i n  t a b l e  111-1. 

b .  S l o t  Design 

S l o t  geometry and l o c a t i o n  were based on t h e  r e s u l t s  of a n n u l a r  ca scade  

t e s t s  of s l o t t e d  s t a t o r  vanes and a n  a n a l y s i s  of S t a t o r  1 s u c t i o n  s u r f a c e  

boundary l a y e r  s e p a r a t i o n  p o i n t  (References 1 and 2 ) .  Blade t h i c k n e s s  a t  

t h e  i n t e r s e c t i o n  of s l o t  c e n t e r l i n e  and b l a d e  meanline was s e l e c t e d  a s  

t h e  c h a r a c t e r i s t i c  dimension t o  s c a l e  t h e  s l o t  s i z e  from t h e  o v e r s i z e  

(6 .5- in .  chord)  a n n u l a r  ca scade  vanes t o  t h e  2 .18- in .  chord S t a t o r  1 

b l a d i n g  . 
By agreement between NASA and P&WA, t h e  s c a l i n g  t echn ique  was s l i g h t l y  

modif ied from t h a t  d e s c r i b e d  i n  Reference  1 f o r  t h e  S t a t o r  1 s l o t  t o  p e r m i t  

an  i n c r e a s e  i n  t h e  Coanda r a d i u s ,  R, t h e  s l o t  l e a d i n g  edge r a d i u s ,  r l ,  and 

r a d i u s ,  R d e f i n e d  i n  f i g u r e  111-5. The va lues  acco rd ing  t o  t h e  o r i g i n a l  

s c a l i n g  method a r e  compared w i t h  t h e  r e v i s e d  v a l u e s  a s  f o l l o w s  (dimensions 

i n  i n c h e s ) :  

P ’  

R R 
P ‘1 

Or ig ina  1 0.150 0.33 0.020 

Revised 0.300 1 .32  0.030 

These m o d i f i c a t i o n s  were in tended  t o  reduce  the l a r g e  a d v e r s e  p r e s s u r e  

g r a d i e n t s  induced by  t h e  s l o t  flow over  t h e  Coanda r a d i u s  and t o  minimize 

l o s s e s  a s s o c i a t e d  w i t h  t u r n i n g  t h e  p r e s s u r e  s u r f a c e  f low i n t o  t h e  s l o t .  

The a n g l e  between s l o t  c e n t e r l i n e  and b l a d e  meanline was he ld  c o n s t a n t  

over  t h e  S t a t o r  1 b l a d e  span  and t h e  s l o t  c e n t e r l i n e  i n t e r s e c t e d  t h e  b l a d e  

s u c t i o n  s u r f a c e  a t  55% chord ,  approximate ly  halfway between t h e  minimum 

p r e s s u r e  p o i n t  and t h e  c a l c u l a t e d  s e p a r a t i o n  p o i n t .  Th i s  s l o t  l o c a t i o n  

was de termined  t o  b e  s u p e r i o r  t o  a l o c a t i o n  n e a r  t h e  s e p a r a t i o n  p o i n t  a s  

a r e s u l t  of  t h e  a n n u l a r  ca scade  t e s t s .  A schemat ic  drawing of t h e  b l a d e  
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s l o t  i s  p r e s e n t e d  i n  f i g u r e  111-5 and photographs  of t h e  s l o t t e d  s t a t o r  

b l a d e s  a r e  p r e s e n t e d  i n  f i g u r e  111-6. 

D . INSTRUMENTATION 

I n s t r u m e n t a t i o n  was provided t o  measure t h e  o v e r a l l  and b l a d e  e lement  

performance of e a c h  b l a d e  row. Axial l o c a t i o n s  of i n s t r u m e n t a t i o n  s t a -  

t i o n s  a r e  i n d i c a t e d  i n  f i g u r e  111-3, and schemat ics  showing t h e  d e t a i l e d  

i n s t r u m e n t a t i o n  a t  each  a x i a l  l o c a t i o n  a r e  p r e s e n t e d  i n  f i g u r e s  111-7 

th rough  111-10. 

1. R i g  I n l e t  Condi t ions  

Weight f low was measured w i t h  a n  ASME s t a n d a r d  t h i n  p l a t e  o r i f i c e  

l o c a t e d  i n  t h e  i n l e t  d u c t .  

S i x  s t a t i c  p r e s s u r e  t a p s  and s i x  t empera tu re  p robes  were l o c a t e d  i n  

t h e  plenum chamber f o r  measurement of i n l e t  t o t a l  p r e s s u r e  and t e m p e r a t u r e .  

S i x  equa l ly- spaced  s t a t i c  p r e s s u r e  t a p s  were l o c a t e d  on b o t h  t h e  i n n e r  

and o u t e r  w a l l s  upst ream of t h e  i n l e t  gu ide  vanes  ( S t a t i o n  0 ) .  From a 

r i g  c a l i b r a t i o n  o v e r  a wide range of we igh t  f lows ,  a c a l i b r a t i o n  between 

t h e s e  s t a t i c  p r e s s u r e s  was d e r i v e d  and used t o  check  subsequent  we igh t  

f low measurements. 

2 .  Guide Vane E x i t I R o t o r  I n l e t  - S t a t i o n  1 

A s e c t i o n a l  view of  t h e  f low p a t h  a t  S t a t i o n  1 showing t h e  c i r c u m f e r-  

e n t i a l  and r a d i a l  l o c a t i o n  of i n s t r u m e n t a t i o n  is p r e s e n t e d  i n  f i g u r e  111-7. 

Rotor  i n l e t  a i r  a n g l e  measurements were o b t a i n e d  a t  two c i r c u m f e r e n t i a l  

l o c a t i o n s  by t r a v e r s i n g  20-deg wedge p robes .  A 20- tube wake t r a v e r s e  

probe a l i g n e d  w i t h  t h e  average  g u i d e  vane e x i t  a i r  a n g l e ,  was i n s t a l l e d  

t o  measure gu ide  vane wake t o t a l  p r e s s u r e  d i s t r i b u t i o n .  Four s t a t i c  p r e s -  

s u r e  t a p s  were l o c a t e d  on b o t h  t h e  i n n e r  and o u t e r  w a l l .  The wedge probes  

and s t a t i c  p ressure  taps were  l o c a t e d  approx imate ly  a l o n g  e x t e n s i o n s  of 

gu ide  vane midchannel l i n e s .  Redundant s t a t i c  and midpassage t o t a l  p r e s -  

sure d a t a  were a v a i l a b l e  from t h e  20-deg wedge probe.  

111-5 
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3 .  Rotor  E x i t / S t a t o r  I n l e t  - S t a t i o n  2 

" 1  I 

P 

A s e c t i o n a l  view of t h e  f low p a t h  showing t h e  c i r c u m f e r e n t i a l  and 

r a d i a l  l o c a t i o n  of i n s t r u m e n t a t i o n  a t  S t a t i o n  2 i s  p r e s e n t e d  i n  f i g -  

u r e  111-8. 

t o t a l  p r e s s u r e ,  and t o t a l  t empera tu re  measurements. Three  s e t s  of K i e l  

head t o t a l  p r e s s u r e  p robes  were l o c a t e d  a t  r a d i a l  p o s i t i o n s  cor respond ing  

t o  30, 50, 70 and 90% span  and two K i e l  probes  were l o c a t e d  a t  10% s p a n .  

The K i e l  p robes  were c i r c u m f e r e n t i a l l y  p o s i t i o n e d  so t h a t  each  se t  approx i-  

mately  averaged t h e  p r e s s u r e s  a c r o s s  a gu ide  vane wake. Four s t a t i c  pres-  

su re  t a p s  were l o c a t e d  on b o t h  t h e  i n n e r  and o u t e r  w a l l .  An 8-deg wedge 

t r a v e r s e  probe was used t o  measure t h e  r a d i a l  d i s t r i b u t i o n  of  s t a t i c  p res-  

s u r e .  

Two 20-deg wedge t r a v e r s e  probes  were used f o r  a i r  a n g l e ,  

4 .  S t a t o r  Exi t  - S t a t i o n  2A 

A s e c t i o n a l  view of  t h e  f low p a t h  showing c i r c u m f e r e n t i a l  and r a d i a l  

l o c a t i o n  of  i n s t r u m e n t a t i o n  a t  S t a t i o n  2A i s  p r e s e n t e d  i n  f i g u r e  111-9. 

A 20- tube r a k e  t r a v e r s e  p robe  was used f o r  measurement of s t a t o r  vane 

wake t o t a l  p r e s s u r e  d i s t r i b u t i o n .  Four s t a t i c  p r e s s u r e  t a p s  were l o c a t e d  

on b o t h  t h e  i n n e r  and o u t e r  w a l l ,  and a n  8-deg wedge t r a v e r s e  probe was 

provided f o r  s t a t i c  p r e s s u r e  measurement. The 20-deg wedge t r a v e r s e  

probe a t  t h i s  s t a t i o n ,  normal ly  used t o  measure s t a t o r  e x i t  a i r  a n g l e s ,  

d i d  n o t  f u n c t i o n  p r o p e r l y  d u r i n g  t h i s  t e s t ;  s t a t o r  e x i t  a i r  a n g l e s  were 

t h e r e f o r e  measured a t  S t a t i o n  3 .  

5. S t a t i o n  3 

S t a t i o n  3 i s  one c h o r d- l e n g t h  f u r t h e r  from t h e  s t a t o r  e x i t  p l a n e  t h a n  

S t a t i o n  2A. I n s t r u m e n t a t i o n  a t  t h i s  s t a t i o n  ( f i g u r e  111-10) i n c l u d e d  

two 20-deg wedge t r a v e r s e  p r o b e s ,  f o u r  sets of K i e l  head t o t a l  p r e s s u r e  

probes a t  10, 30, 50, 70 and 90% span  l o c a t i o n s ,  f o u r  s e t s  of  K i e l  head 

t empera tu re  probes  a t  t h e  same f i v e  s p a n  l o c a t i o n s ,  and f o u r  s t a t i c  p r e s-  

s u r e  t a p s  on bo th  t h e  inner and o u t e r  w a l l .  S t a t o r  e x i t  a i r  a n g l e s  were 

ob ta ined  w i t h  t h e  t w o  20-deg wedge p r o b e s .  S t a g e  e x i t  t o t a l  t empera tu re  

was based on t h e  K i e l  head probe t empera tu re  measurements a t  S t a t i o n  3 .  

Data o b t a i n e d  from t h e  o t h e r  i n s t r u m e n t a t i o n  a t  t h i s  s t a t i o n  were used 

f o r  comparison w i t h  t h e  S t a t i o n  2A d a t a .  
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6 .  D e s c r i p t i o n  of Probes  

Deta i l s  of t h e  20-deg and 8- deg wedge p r o b e s ,  wake p robe ,  and Kie l  

p r e s s u r e  and t e m p e r a t u r e  p robes  a r e  shown i n  f i g u r e  111-11. The 20-deg 

wedge probe c o n t a i n e d  s i d e  p r e s s u r e  p ickups  f o r  a i r  a n g l e  measurement, 

a t o t a l  p r e s s u r e  p ickup and a t o t a l  t empera tu re  p ickup .  

The wake probe c o n t a i n e d  20 t o t a l  pressure p ickups  formed by 0 .042- in .  

OD hypo t u b i n g  and spaced a s  shown i n  t h e  f i g u r e .  

7 .  I n s t r u m e n t a t i o n  Readout 

T r a v e r s e  probe d a t a  ( t o t a l  p r e s s u r e ,  s t a t i c  p r e s s u r e ,  a i r  a n g l e ,  t o t a l  

t e m p e r a t u r e ,  and r a d i a l  t r a v e l )  were recorded  on magnetic t a p e  a t  t h e  

r a t e  of 60 samples  (2 .5- in .  probe t r a v e l )  p e r  minute .  S t e a d y- s t a t e  pres-  

su re  measurements were o b t a i n e d  u s i n g  a s c a n n i v a l v e  mul t i channe l  p r e s s u r e  

t r a n s d u c e r  sys tem t h a t  i n c l u d e s  au tomat ic  d a t a  r e c o r d i n g  on IBM c a r d s .  

K i e l  probe t empera tu res  were i n d i c a t e d  on a p r e c i s i o n  p o t e n t i o m e t e r ,  and 

manual ly  r e c o r d e d .  

Plenum pressures,  f o u r  OD s t a t i c  p ressures  a t  S t a t i o n  0,  pr imary and 

b l e e d  sys tem f low- measur ing- or i f i ce  pressures ,  and f o u r  S t a t i o n  3 midspan 

K i e l  probe pressures were recorded  on manometer t u b e s  i n  t h e  t e s t  s t a n d  

c o n t r o l  room t o  p e r m i t  s e t t i n g  t h e  d e s i r e d  f l o w  c o n d i t i o n s .  

8 .  S p e c i a l  I n s t r u m e n t a t i o n  

a .  Ro to r  Speed 

R o t o r  rpm was measured w i t h  a n  e l e c t r o m a g n e t i c  p ickup mounted a d j a c e n t  

t o  a 60- too th  gea r  on t h e  r o t o r  s h a f t .  Gear t o o t h  p a s s i n g  f requency  was 

d i s p l a y e d  a s  r p m  on a n  Anadex d i g i t a l  r e a d o u t  sys tem.  

c o n t r o l  sys tem main ta ined  r o t o r  speed t o  w i t h i n  approx imate ly  k 1%. 

A c l o s e d  loop 

b .  V i b r a t i o n  

Displacement p ickups  were mounted on forward and r e a r  s e c t i o n s  of  

t h e  compressor  r i g  o u t e r  c a s e  t o  moni tor  r i g  v i b r a t i o n .  

c .  Bleed Flow Rate 

The b l e e d  f low r a t e  from t h e  r o t o r  and s t a t o r  was determined u s i n g  

s t a n d a r d  ASME t h i n  p l a t e  o r i f i c e s  l o c a t e d  i n  t h e  b l e e d  manifold  e x i t  

p i p e s .  
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d .  Stress Measurements 

F i v e  r o t o r  b l a d e s  were in s t rumen ted  w i t h  s t r a i n  gages l o c a t e d  t o  

mon i to r  f i r s t  bending  stresses ( f i g u r e  111-12). N o  s t ress  measurements 

were r e q u i r e d  on t h e  s t a t o r  vanes .  
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SECTION I V  
PROCEDURES 

I 

I 

i 

i 
i 

i 

A .  TEST PROCEDURE 

1. Wall Bleed Flow Rate  S e l e c t i o n  

a .  Ro to r  Bleed 

With t h e  compressor  o p e r a t i n g  a t  d e s i g n  speed ,  t h e  b l e e d  f low r a t e  

was a d j u s t e d  t o  e n s u r e  t h a t  t h e r e  was no r e c i r c u l a t i o n  through t h e  b l e e d  

manifold from S t a t i o n  2 ( r o t o r  e x i t )  t o  S t a t i o n  1 ( r o t o r  i n l e t ) .  T h i s  

was accomplished by m o n i t o r i n g  t h e  s t a t i c  p r e s s u r e  d i f f e r e n c e  between 

S t a t i o n  1 and t h e  b l e e d  mani fo ld  and a d j u s t i n g  t h e  b l e e d  v a l v e  u n t i l  t h e  

mani fo ld  p r e s s u r e  was less t h a n  t h a t  of  S t a t i o n  1. The maximum b l e e d  f l o w  

r a t e  a t t a i n a b l e  w i t h  t h e  b l e e d  sys tem was r e q u i r e d  t o  produce t h e  d e s i r e d  

r e su l t s  a t  choke c o n d i t i o n s  ( lowest  S t a t i o n  1 s t a t i c  p r e s s u r e ) .  The va lve  

s e t t i n g  f o r  t h i s  f low r a t e  was n o t  changed a t  o t h e r  r o t o r  speed and f low 

c o n d i t i o n s .  

b .  S t a t o r  Bleed 

With t h e  r o t o r  OD w a l l  b l e e d  s e t  a t  t h e  maximum r a t e ,  t h e  p rocedure  

d e s c r i b e d  above was r e p e a t e d  f o r  t h e  s t a t o r  by moni to r ing  t h e  s t a t i c  

p r e s s u r e  d i f f e r e n c e  between S t a t i o n  2 and t h e  s t a t o r  b l e e d  mani fo ld .  

It was a l s o  n e c e s s a r y  t o  a d j u s t  t h e  s t a t o r  b l e e d  v a l v e  f o r  maximum f low 

t o  e n s u r e  no r e c i r c u l a t i o n  a t  choke c o n d i t i o n s .  Th i s  v a l v e  s e t t i n g  was 

used th roughout  t h e  program. 

2.  S t r e s s  Survey 

Blade  stresses were moni tored d u r i n g  r i g  o p e r a t i o n  a t  d e s i g n  speed 

and d u r i n g  o p e r a t i o n  i n t o  t h e  s t a l l  r e g i o n  a t  a l l  r o t o r  speed c o n d i t i o n s .  

3 .  Performance Tests 

O v e r a l l  and b l a d e  e lement  performance d a t a  were o b t a i n e d  a t  f o u r  

r o t o r  speed c o n d i t i o n s  (70, 90, 100, and 110% of d e s i g n  speed)  and a t  

approx imate ly  s i x  p o i n t s  p e r  speed l i n e  t o  d e f i n e  s t a t o r  and s t a g e  p e r -  

formance between choke and s t a l l .  The n e a r - s t a l l  p o i n t  was determined 

on t h e  b a s i s  of b l a d e  s t ress  and s t a g e  e x i t  t o t a l  p r e s s u r e s  i n d i c a t e d  on 

manometers. A t  each  s e t  p o i n t  t h e  f i x e d  p r e s s u r e  and t empera tu re  i n s t r u -  

menta t ion  d a t a  were r e c o r d e d  f i v e  t imes ,  co r respond ing  t o  f i v e  d i s c r e t e  
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r a d i a l  l o c a t i o n s  of t h e  i n l e t  gu ide  vane and s t a t o r  vane wake p r o b e s .  

T r a v e r s e  d a t a  were u s u a l l y  recorded  d u r i n g  t h e  l a s t  r e c o r d i n g  of f i x e d  

i n s t r u m e n t a t i o n .  I n  t h i s  manner, r e p r e s e n t a t i v e  a v e r a g e  v a l u e s  of f l o w  

and p r e s s u r e s  cou ld  b e  determined f o r  t h e  t i m e  p e r i o d  (approximate ly  

45 min) of d a t a  r e c o r d i n g  a t  each p o i n t .  

B .  DATA REDUCTION PROCEDURES 

1. P r e l i m i n a r y  Data Reduc t ion  

Da ta  r e d u c t i o n  was accomplished i n  t h r e e  s teps  u s i n g  t h r e e  computer 

programs. The f i r s t  s t e p  invo lved  c o n v e r s i o n  of raw d a t a  t o  e n g i n e e r i n g  

u n i t s .  T r a v e r s e  d a t a  ( t o t a l  p r e s s u r e )  s t a t i c  p r e s s u r e ,  t o t a l  t e m p e r a t u r e )  

and a i r  a n g l e )  measured i n  approx imate ly  0 . 0 4- i n .  inc rements  a c r o s s  t h e  

span,  were a u t o m a t i c a l l y  p l o t t e d  and t a b u l a t e d .  The p l o t t e d  and t a b u l a t e d  

d a t a  were reviewed t o  i d e n t i f y  and e l i m i n a t e  any obv ious ly  q u e s t i o n a b l e  

d a t a  p r i o r  t o  t h e  subsequent  d a t a  r e d u c t i o n  s t e p .  

The second d a t a  r e d u c t i o n  s t e p  accomplished t h e  f o l l o w i n g :  

1. 

2. 

3 .  

4 .  

5. 

Mach number c o r r e c t i o n s  t o  t empera tu re  d a t a  

Mass average  of wake probe d a t a  

C i r c u m f e r e n t i a l  a r i t h m e t i c  average  of f i x e d  and t r a v e r s e  

i n s t r u m e n t a t i o n  d a t a  

C o r r e c t i o n  of a l l  p r e s s u r e  and t e m p e r a t u r e  d a t a  t o  NASA 

s t a n d a r d  day ambient  c o n d i t i o n s  

S e l e c t i o n  by i n t e r p o l a t i o n  of t o t a l  and s t a t i c  p r e s s u r e ,  

t o t a l  t e m p e r a t u r e )  and a i r  a n g l e  v a l u e s  a t  s p e c i f i e d  r a d i a l  

l o c a t i o n s  f o r  i n p u t  f o r  t h e  f i n a l  d a t a  r e d u c t i o n  s t e p .  

A l l  c o r r e c t e d  d a t a  were a v a i l a b l e  f o r  f u r t h e r  i n s p e c t i o n  of t h e  

p r i n t e d  r e s u l t s  from t h i s  computer program, which inc luded  i n d i v i d u a l  

d a t a  values a s  w e l l  a s  averaged q u a n t i t i e s .  The t h i r d  s t e p  i n  t h e  d a t a  

r e d u c t i o n  p rocedure  invo lved  t h e  c a l c u l a t i o n  of o v e r a l l  and b l a d e  e lement  

performance d a t a  a s  d e f i n e d  i n  t h e  fo l lowing  p a r a g r a p h s .  

2 .  Parameter  C a l c u l a t i o n  

The o v e r a l l  and b l a d e  e lement  performance t e s t  d a t a  were c a l c u l a t e d  

p r i o r  t o  a n a l y s i s  and t h e  e v a l u a t i o n  of s l o t t e d  S t a t o r  1 performance.  

Symbols a r e  d e f i n e d  i n  Appendix A .  
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a .  O v e r a l l  Performance 

I 

.j 

L.- i 

(1) Weight Flow 

Weight f l o w  i s  p r e s e n t e d  i n  terms o f  c o r r e c t e d  we igh t  f low,  d e f i n e d  

where : 

W = a c t u a l  w e i g h t  f low 

6 = r a t i o  of t o t a l  t empera tu re  (plenum) t o  NASA s t a n d a r d  

6 = r a t i o  of t o t a l  p r e s s u r e  (plenum) NASA s t a n d a r d  s e a  

s e a  l e v e l  t empera tu re  

l e v e l  p r e s s u r e .  

Values of  c o r r e c t e d  we igh t  f low p r e s e n t e d  i n  t h e  f i g u r e s  and t a b l e s  

i n c l u d e  r o t o r  and s t a t o r  b l e e d  f l o w  r a t e s .  P e r c e n t a g e  b l e e d  f low r a t e s  

f o r  t h e  r e s p e c t i v e  b l a d e  rows a r e  t a b u l a t e d  s e p a r a t e l y  ( t a b l e  B- 1 ) .  

(2) P r e s s u r e  R a t i o  

P r e s s u r e  r a t i o s  were c a l c u l a t e d  f o r  t h e  r o t o r ,  gu ide- vane- ro to r ,  

and g u i d e - v a n e- r o t o r - s t a t o r  b l a d e  row combina t ions .  A t  t h e  d i s c h a r g e  of 

t h e  r o t o r ,  f i x e d  K i e l  probe and t r a v e r s e  probe t o t a l  p ressure  d a t a  were 

a r i t h m e t i c a l l y  averaged a t  each span l o c a t i o n  and t h e  p r o f i l e  thus  

determined was mass- flow averaged a c r o s s  t h e  span .  

The wake probe p r e s s u r e s  downstream of t h e  gu ide  vane and t h e  s t a t o r  

were f i r s t  mass- flow i n t e g r a t e d  a t  each span l o c a t i o n ,  and t h e  r e s u l t i n g  

average p r e s s u r e s  were t h e n  mass- flow averaged i n  t h e  r a d i a l  d i r e c t i o n .  

(3) A d i a b a t i c  E f f i c i e n c y  

A d i a b a t i c  e f f i c i e n c y  

Y -  1 
a c r o s s  t h e  r o t o r  i s  d e f i n e d  as 

1 
r 
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where : 

mass-averaged 

518.7"R 

mass - averaged 

mass-averaged 

p r e s s u r e  behind t h e  g u i d e  vane 

p r e s s u r e  beh ind  t h e  r o t o r  

t e m p e r a t u r e  beh ind  t h e  s t a t o r  

To o b t a i n  a d i a b a t i c  e f f i c i e n c i e s  f o r  t h e  g u i d e- v a n e- r o t o r  combina t ion  

o r  f o r  t h e  e n t i r e  s t a g e , a p p r o p r i a t e  a v e r a g e  pressures were used.  

b .  Blade Element Performance 
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(1) D i f f u s i o n  F a c t o r  

D i f f u s i o n  f a c t o r  f o r  t h e  r o t o r  i s  d e f i n e d  a s  

Z , = l - - - -  + AV'O( 1-2) 
V' 2 4 v l  

D i f f u s i o n  f a c t o r  f o r  t h e  s t a t o r  i s  d e f i n e d  a s  

'2A + (2-2A) D = I - -  
2 4  v2 v2 

(2) D e v i a t i o n  

Rotor  b l a d e  d e v i a t i o n  i s  d e f i n e d  a s  

1 1 

2 6; = P, - K 

S t a t o r  d e v i a t i o n  i s  d e f i n e d  a s  

= f l ,  - K2A Y 

where #; and # 

a n g l e s  based on e q u i v a l e n t  c i r c u l a r  a r c  camber l i n e s  f o r  t h e  6 5 - s e r i e s  

a i r f o i l .  

(3)  I n c i d e n c e  Angle 

a r e  t h e  r o t o r  b l a d e  and s t a t o r  vane t r a i l i n g  edge m e t a l  2A 

Rotor  i n c i d e n c e  i s  d e f i n e d  a s  

i m l  = 01 - K; 

S t a t o r  i n c i d e n c e  i s  d e f i n e d  a s  
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where K ’  and K 2  a r e  t h e  r o t o r  b l a d e  and s t a t o r  vane l e a d i n g  edge metal 

a n g l e s  based  on e q u i v a l e n t  c i r c u l a r  a r c  camber l i n e s  f o r  t h e  6 5 - s e r i e s  

a i r f o i l .  

1 

( 4 )  T o t a l  P r e s s u r e  Loss C o e f f i c i e n t  

T o t a l  p r e s s u r e  loss  c o e f f i c i e n t  f o r  t h e  r o t o r  i s  d e f i n e d  a s  

- 1  P1 - P; 

p1 - p1 

- 0’ - 
(1-2) - 1  

For t h e  i n l e t  guide  vanes ,  t o t a l  p r e s s u r e  l o s s  c o e f f i c i e n t  i s  d e f i n e d  a s  

- 
14.69 - P. 

where q 

weight  f low and t h e  a n n u l a r  a r e a  a t  t h e  gu ide  vane i n l e t .  

i s  ob ta ined  from i s e n t r o p i c  f low r e l a t i o n s h i p s  u s i n g  o r i f i c e  
0 

T o t a l  p r e s s u r e  loss c o e f f i c i e n t  f o r  t h e  s t a t o r  i s  d e f i n e d  a s  

L L 

(5) Loss Parameter  

S t a t o r  t o t a l  p r e s s u r e  loss  i s  a l s o  p resen ted  i n  terms of t h e  lo s s  

pa ramete r :  

(2-2A) ‘Os ’ 2A 
0 

2 6  
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SECTION V 
PRESENTATION AM) DISCUSSION OF RESULTS 

The o v e r a l l  and b l a d e  e lement  performance d a t a  f o r  each  of t h e  

t h r e e  r o t o r s  and t h r e e  s t a t o r s  a r e  p r e s e n t e d  i n  s e p a r a t e  d a t a  r e p o r t s .  

Fol lowing  p u b l i c a t i o n  of t h e s e  d a t a  r e p o r t s ,  t h e  resu l t s  w i l l  be  ana lyzed  

and d i s c u s s e d  a s  p a r t  of t h e  f i n a l  r e p o r t .  The d a t a  r e l e v a n t  t o  t h e  p e r -  

formance of s l o t t e d  S t a t o r  1 and t h e  f l ow g e n e r a t i o n  r o t o r  a r e  p r e s e n t e d  

i n  t h i s  r e p o r t .  

A .  STAGE PERFORMANCE 

The o v e r a l l  performance d a t a  f o r  t h e  s t a g e  comprised of t h e  f l ow 

g e n e r a t i o n  r o t o r ,  i t s  i n l e t  gu ide  vane,  and s l o t t e d  S t a t o r  1 a r e  p r e s e n t e d  

i n  f i g u r e s  V - 1  th rough V- 3  i n  t h e  form of p r e s s u r e  r a t i o  and e f f i c i e n c y  

p l o t t e d  a g a i n s t  c o r r e c t e d  we igh t  f low.  Cons tan t  e q u i v a l e n t  r o t o r  speed 

l i n e s  a r e  r e p r e s e n t e d  on t h e s e  f i g u r e s .  The performance of t h e  r o t o r ,  

r o t o r  and i n l e t  gu ide  vane,  and e n t i r e  s t a g e  a r e  p re sen ted  i n  t h e s e  f i g -  

u r e s  t o  e n a b l e  t h e  performance of any of t h e  t h r e e  b l a d e  rows t o  b e  

d i s t i n g u i s h e d .  The d e s i g n  p o i n t  i s  shown on t h e s e  f i g u r e s  t o  p rov ide  a 

b a s i s  f o r  comparison.  

It should  be p o i n t e d  o u t  t h a t  t h e  f l ow g e n e r a t i o n  r o t o r  produces v e r y  

low p r e s s u r e  r a t i o  and i s  on ly  used t o  s e t  up t h e  d e s i r e d  s t a t o r  i n l e t  f low. 

Consequently,  t h e  s t a t o r  l oad ing  i s  n o t  matched w i t h  r o t o r  work i n p u t  and 

a s  a r e s u l t  even normal s t a t o r  l o s s e s  would r e s u l t  i n  ve ry  low s t a g e  

e f f i c i e n c i e s .  The re fo re ,  n e i t h e r  t h e  s t a g e  p r e s s u r e  r a t i o  n o r  t h e  s t a g e  

e f f i c i e n c y  a r e  cons ide red  t o  b e  of  g r e a t  s i g n i f i c a n c e .  

The e n t i r e  s t a g e  ( i n l e t  gu ide  vane ,  r o t o r  and s t a t o r ,  f i g u r e  V- 3)  p ro-  

duced a 1.15 p r e s s u r e  r a t i o  a t  t h e  d e s i g n  flow (81 l b / s e c )  and e q u i v a l e n t  

r o t o r  speed ,  which i s  g r e a t e r  t h a n  t h e  d e s i g n  p r e s s u r e  r a t i o  of 1.13. The 

i n d i c a t e d  e f f i c i e n c y  i s  approximate ly  two p o i n t s  less t h a n  d e s i g n .  The 

p r i n c i p a l  d e v i a t i o n  from d e s i g n  performance i s  i n  t h e  f low g e n e r a t i o n  r o t o r ,  

a s  i s  e v i d e n t  from f i g u r e s  V - 1  and V- 2 .  The p r e s s u r e  r a t i o  of t h e  f l ow 

g e n e r a t i o n  r o t o r  exceeded t h e  d e s i g n  v a l u e  of 1.14 by 0.05, more t h a n  

accoun t ing  f o r  t h e  observed  d i f f e r e n c e  i n  s t a g e  p r e s s u r e  r a t i o .  I n  a d d i -  

t i o n ,  t h e  i n d i c a t e d  e f f i c i e n c y  o f  t h e  r o t o r  a l o n e  is approx ima te ly  99% a t  

d e s i g n  f low and speed and exceeds 100% a t  h i g h e r  f l o w s .  These e f f i c i e n c y  

d a t a  w i l l  be  d i s c u s s e d  i n  a f o l l o w i n g  paragraph .  
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The composi te  o v e r a l l  performance of  t h e  f l o w  g e n e r a t i o n  r o t o r  from 

t h e  t e s t s  of t h e  t h r e e  s l o t t e d  s t a t o r s  i s  p r e s e n t e d  i n  f i g u r e  V- 4.  The 

d a t a  i n d i c a t e d  a c o n s i s t e n t  and r e p r o d u c i b l e  pressure r i s e  c h a r a c t e r i s t i c  

and a n  e f f i c i e n c y  s ca t t e r  of a b o u t  f i v e  p o i n t s  a t  d e s i g n  speed .  

than- des ign  pressure  r i se  produced by t h e  f low g e n e r a t i o n  r o t o r  i s  

a t t r i b u t a b l e  t o  t h r e e  f a c t o r s .  F i r s t ,  t h e  i n l e t  g u i d e  vane d e v i a t i o n  

ang le  was g r e a t e r  t h a n  expec ted  and as a r e s u l t ,  t h e  f low g e n e r a t i o n  r o t o r  

was o p e r a t i n g  a t  an i n c i d e n c e  a n g l e  approx imate ly  3 deg g r e a t e r  than d e s i g n  

when a t  d e s i g n  flow and speed  ( f i g u r e  V- 5) .  Secondly ,  t h e  d e v i a t i o n  a n g l e  

of t h e  r o t o r  was less t h a n  e x p e c t e d ,  which f u r t h e r  tended t o  i n c r e a s e  t h e  

work and f low of t h e  s t a g e .  F i n a l l y ,  t h e  l o s s e s  produced by t h e  r o t o r  

were somewhat lower t h a n  e x p e c t e d .  These l a t t e r  two p o i n t s  w i l l  b e  

The h i g h e r -  

i l l u s t r a t e d  i n  t h e  subsequent  p r e s e n t a t i o n  of b l a d e  e lement  d a t a .  

The e f f i c i e n c y  of t h e  r o t o r  as i n d i c a t e d  i n  f i g u r e  V- 4  i s  e x c e s s i v e l y  

h igh;  t h e r e f o r e ,  i t  i s  e v i d e n t  t h a t  t h e s e  d a t a  must be q u a l i f i e d .  S i n c e  

t h e  t empera tu re  r i s e  of t h i s  s t a g e  i s  s m a l l  (30"R), i t  i s  expec ted  t h a t  t h e  

e f f i c i e n c y  d a t a  w i l l  show c o n s i d e r a b l e  s c a t t e r  and,  f u r t h e r ,  t h a t  any 

c o n s i s t e n t  e r r o r ,  unaccounted f o r ,  w i l l  r e s u l t  i n  a n o t i c e a b l e  b i a s .  For  

t h e s e  r e a s o n s  t h e s e  r o t o r  e f f i c i e n c i e s  were recomputed u s i n g  t h e  v e l o c i t y  

diagram d a t a  r a t h e r  than  t h e  measured t e m p e r a t u r e  r a t i o  t o  c a l c u l a t e  t h e  

work done.  The r o t o r  e f f i c i e n c y  d a t a  from b o t h  methods of c a l c u l a t i o n  a r e  

compared i n  f i g u r e  V- 6 .  The e f f i c i e n c y  based on c o n s i d e r a t i o n  of  t h e  

momentum change a c r o s s  t h e  r o t o r  f o l l o w s  a t y p i c a l  p a r a b o l i c  c h a r a c t e r i s t i c  

w i t h  i n c r e a s i n g  f low a s  opposed t o  t h e  monotonic i n c r e a s i n g  c h a r a c t e r i s t i c  

o f  t h e  curves based on t empera tu re  r a t i o  and i s  f o r  t h i s  r eason  more 

b e l i e v a b l e .  F u r t h e r ,  w i t h  t h e  e x c e p t i o n  of two p o i n t s ,  t h e s e  e f f i c i e n c i e s  

a r e  l e s s  t h a n  loo%, a l t h o u g h  t h e  peak v a l u e s  of approx imate ly  98% a r e  

o p t i m i s t i c .  F i g u r e s  V-7 th rough  V- 9  a r e  i d e n t i c a l  t o  f i g u r e s  V - 1  

through V- 3  e x c e p t  t h e  e f f i c i e n c i e s  were computed u s i n g  t h e  v e l o c i t y  

d iagram d a t a  j u s t  d e s c r i b e d .  

A comparison of t h e  measured a i r f l o w  w i t h  t h e  a i r f l o w  c a l c u l a t e d  from 

traverse and f i x e d  probe d a t a  is  p r e s e n t e d  i n  f i g u r e  V- 1 0 .  The d a t a  re-  

l a t i n g  t o  r o t o r  d i s c h a r g e  f low a r e  w i t h i n  t h e  a l l o w a b l e  5% band. Down- 

s t r e a m  of t h e  s t a t o r ,  a b i a s  toward h igh  i n t e g r a t e d  we igh t  f lows  i s  

n o t i c e a b l e  and many of  t h e  d a t a  p o i n t s  f a l l  o u t s i d e  t h e  5% band. A 

d e t a i l e d  examina t ion  of t h e  d a t a  and r e d u c t i o n  p rocedure  has  shown t h a t  
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t h i s  b i a s  i s  a t t r i b u t a b l e  t o  t h e  numer ica l  i n t e g r a t i o n  used i n  t h e  c a l c u -  

l a t i o n .  A s  a p a r t  of  t h i s  i n t e g r a t i o n ,  t h e  mass-average t o t a l  pressure 

c a l c u l a t e d  from t h e  s t a t o r  wake d a t a  i s  used t o  g e n e r a t e  a r a d i a l  f l o w  

d i s t r i b u t i o n  t h a t  i s  t h e n  i n t e g r a t e d  t o  de te rmine  t h e  t o t a l  f low.  The 

employment o f  t h e  mass-average t o t a l  p r e s su re  i n  t h i s  c a l c u l a t i o n  l e a d s  

t o  e r r o n e o u s l y  high f lows  s i n c e  no accoun t ing  is  made of t h e  d i sp lacement  

t h i c k n e s s  of t h e  wakes.  The magnitude of t h i s  f low d i f f e r e n c e  i s  dependent  

upon t h e  s i z e  of t h e  wake and t h u s  v a r i e s  w i t h  spanwise l o c a t i o n ,  t h e  

c o n f i g u r a t i o n  o f  t h e  s t a t o r ,  and t h e  s t a t o r  i n c i d e n c e  and Mach number. 

S i m i l a r  d i f f e r e n c e s  were no ted  i n  t h e  r e s u l t s  of  t h e  t e s t s  w i t h  s l o t t e d  

S t a t o r s  2 and 3 ( r e p o r t s  t o  b e  p u b l i s h e d )  and a numer ica l  example from 

those  d a t a  i s  used a s  a n  i l l u s t r a t i o n .  A d a t a  p o i n t  from t h e  s l o t t e d  

S t a t o r  3 t e s t  was s e l e c t e d  f o r  which a l a r g e  (10%) d i f f e r e n c e  between 

i n t e g r a t e d  and o r i f i ce- measured  f low was n o t e d .  The wake r a k e  d a t a  were 

used to  c a l c u l a t e  t h e  c i r c u m f e r e n t i a l  and r a d i a l  d i s t r i b u t i o n  of f low 

w i t h o u t  r e c o u r s e  t o  t h e  use  of ave rage  q u a n t i t i e s .  A double  i n t e g r a t i o n  

(a rea )  was t h e n  performed t o  de te rmine  t h e  f low.  Thus computed, t h e  f low 

was 84.5  l b / s e c ,  compared w i t h  8 2 . 7  l b / s e c  based on t h e  measured o r i f i c e  

f low w i t h  d e d u c t i o n s  f o r  t h e  w a l l  b l e e d .  Th i s  d i f f e r e n c e ,  2.1%, i s  i n  

keeping w i t h  t h e  a c c e p t a b l e  d e v i a t i o n .  

The mass- average p r e s s u r e  r a t i o  w a s  s u b s e q u e n t l y  recomputed f o r  t h i s  

p o i n t  t o  obse rve  t h e  e x t e n t  t o  which p r e s s u r e  r a t i o  is a l s o  a f f e c t e d  by t h e  

employment of t h e  mass-average t o t a l  p r e s s u r e  a t  e a c h  r a d i a l  l o c a t i o n  

behind t h e  s t a t o r .  The recomputed v a l u e  of 1.118 was w e l l  w i t h i n  t h e  

p l o t t i n g  accuracy  of t h e  v a l u e  of 1.116 o r i g i n a l l y  computed. S i n c e  t h e  

c a l c u l a t i o n  of mass-average p r e s s u r e  r a t i o  uses t h e  f low computed from t h e  

mass-average t o t a l  p r e s s u r e  a t  t h e  v a r i o u s  d i a m e t e r s  i n  b o t h  t h e  numerator 

and denominator  of t h e  we igh t ing  f r a c t i o n  ZWP/ZW, i t  i s  t o  b e  expected 

t h a t  t h e  e f f e c t  on p r e s s u r e  r a t i o  would b e  s m a l l .  

B .  BLADE ELEMENT PERFORMANCE 

1. S l o t t e d  S t a t o r  1 

The s t a t o r  i n l e t  a i r  a n g l e  d i s t r i b u t i o n  a t  d e s i g n  speed i s  p r e s e n t e d  

i n  f i g u r e  V - 1 1  f o r  s ix  v a l u e s  of c o r r e c t e d  a i r f l o w  t o g e t h e r  w i t h  the  d e s i g n  

d i s t r i b u t i o n .  The d e s i g n  s t a t o r  i n l e t  a i r  a n g l e  was c l o s e l y  achieved a t  

a f low approx imate ly  5 l b / s e c  g r e a t e r  t h a n  d e s i g n  f l o w  because  of  t h e  
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lower - than-des ign  r o t o r  d e v i a t i o n  a n g l e s  and h i g h e r  r o t o r  p ressure  r i s e .  

Thus,  i n  g e n e r a l ,  t h e  s t a t o r  was o p e r a t e d  a t  i n c i d e n c e  a n g l e s  a p p r o x i -  

mate ly  3 deg c l o s e r  t o  s t a l l  t h a n  was in tended  i n  t h e  d e s i g n .  

The change i n  i n l e t  a i r  a n g l e  a t  t h e  s t a t o r  t i p  from choke t o  s t a l l  

i s  approx imate ly  t w i c e  t h a t  of  t h e  r o o t , i n d i c a t i n g  t h a t  t h e  r o t o r  t i p  

l o s s e s  a r e  i n c r e a s i n g  and t h e r e f o r e  t h e  a x i a l  v e l o c i t y  i n t o  t h e  s t a t o r  

i s  b e i n g  reduced.  

The l o s s  c o e f f i c i e n t ,  d e v i a t i o n  and d i f f u s i o n  f a c t o r  d a t a  a r e  p r e -  

s e n t e d  i n  f i g u r e s  V-12 th rough  V-16 f o r  f i v e  r a d i a l  l o c a t i o n s  a t  t h e  

d e s i g n  r o t o r  speed .  The d e s i g n  l o s s  c o e f f i c i e n t  was approached o n l y  a t  

30 and 50% span l o c a t i o n s  (from t i p ) .  Near t h e  t i p  (10% s p a n )  o p e r a t i o n  

i n  t h e  r e g i o n  of t h e  minimum loss  i n c i d e n c e  a n g l e  i s  i n d i c a t e d , b u t  t h e  

l o s s  l e v e l  i s  h i g h .  Near t h e  r o o t  (70 and 90% s p a n ) , t h e  l o s s  l e v e l  i s  

a l s o  h i g h  and t h e  s l o p e  of  t h e  loss  c h a r a c t e r i s t i c  i n d i c a t e s  t h a t  t h e  

s t a t o r  b l a d e  e lements  a r e  o p e r a t i n g  more toward t h e  s t a l l e d  i n c i d e n c e  s i d e  

of t h e i r  r a n g e .  

The d e v i a t i o n  d a t a  t end  t o  f o l l o w  t h e  loss  d a t a  i n  t h a t  t h e  d e v i a t i o n  

a n g l e  i s  g r e a t e r  t h a n  t h e  d e s i g n  v a l u e  n e a r  t h e  b l a d e  r o o t  and t i p  and 

i s  n e a r l y  e q u a l  t o  d e s i g n  i n  t h e  midspan r e g i o n .  

A s  a r e s u l t  of t h e  d e v i a t i o n  c h a r a c t e r i s t i c s ,  t h e  d i f f u s i o n  f a c t o r  

would be expec ted  t o  b e  l e s s  t h a n  t h e  d e s i g n  v a l u e  i n  t h e  b l a d e  end 

r e g i o n s .  However, t h e  h i g h  l o s s e s  i n  t h e s e  r e g i o n s  a l s o  produced a 

b lockage e f f e c t  g i v i n g  a n  o v e r a l l  i n c r e a s e  i n  ax i a l  v e l o c i t y  r a t i o ;  hence ,  

t h e  d i f f u s i o n  f a c t o r  i s  everywhere lower t h a n  t h e  d e s i g n  v a l u e  a t  d e s i g n  

i n c i d e n c e  r a t h e r  than  on ly  a t  t h e  w a l l s .  S i m i l a r  d a t a  f o r  t h e  f o u r  speed 

l i n e s  a r e  p r e s e n t e d  i n  f i g u r e s  V-17 th rough  V - 2 1 .  The c o n s i s t e n c y  of 

t h e s e  d a t a ,  which ex tend  o v e r  a r a n g e  of i n l e t  Mach numbers from a p p r o x i -  

mate ly  0 . 4  t o  0 . 7 ,  i n d i c a t e s  t h a t  t h e  e f f e c t  of Mach number i s  s m a l l  o v e r  

t h e  speed range t e s t e d .  The los s  d a t a  i n  t h e  w a l l  r e g i o n  d o e s ,  however, 

b e g i n  t o  show some n o t i c e a b l e  Mach number e f f e c t s  f o r  t h e  overspeed  (110%) 

c o n d i t i o n .  

The v a r i a t i G n  o f  s t a t o r  t o t a l  p r e s s u r e - l o s s  parameter w i t h  d i f f u s i o n  f a c -  

t o r  i s  p resen ted  i n  f i g u r e s  V-22 through V - 2 4  f o r  comparison w i t h  t h e  NASA 

c o r r e l a t i o n  curve  f o r  NACA 65-(A10) series and d o u b l e  c i r c u l a r  a rc  b l a d e s  (Ref- 

e r e n c e  5 ) .  A t  t h e  7 0 ,  50, and 30% span l o c a t i o n s  t h e  s t a t o r  l o s s  parameter 
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a t  minimum loss  i n c i d e n c e  i s  s l i g h t l y  h i g h e r  t h a n  t h e  c o r r e l a t i o n  curve 

v a l u e .  A t  t h e  s t a t o r  t i p  (10% s p a n )  t h e  loss pa ramete r  i s  a p p r e c i a b l y  

h i g h e r  t h a n  t h e  NASA c o r r e l a t i o n  v a l u e .  

2 .  Flow G e n e r a t i o n  Rotor  

B lade  e lement  d a t a  a t  d e s i g n  e q u i v a l e n t  r o t o r  speed f o r  a l l  t h r e e  

s l o t t e d  s t a t o r  tests  are p r e s e n t e d  i n  f i g u r e s  V-25 th rough  V-29 fo l lowing  

t h e  format  u s e d  f o r  the s l o t t e d  s t a t o r  d a t a .  The b l a d e  loss c o e f f i c i e n t s  

a r e  g e n e r a l l y  e q u a l  t o  o r  below t h e  expec ted  (des ign)  v a l u e s .  It shou ld  

be no ted  t h a t  t h e  unreasonab ly  h igh  r o t o r  e f f i c i e n c y  v a l u e s  shown e a r l i e r  

would i n d i c a t e  t h a t  t h e  measured t empera tu re  r i ses  a r e  low. S i n c e  t e m -  

p e r a t u r e  r i s e  a f f e c t s  t h e  c a l c u l a t e d  v a l u e s  o f  r o t o r  los s ,  t h e  loss 

c o e f f i c i e n t s  shown a r e  p robab ly  t o o  low. A s  a l r e a d y  no ted ,  t h e  d e v i a t i o n  

ang le  a t  d e s i g n  i n c i d e n c e  a n g l e  i s  abou t  3 deg less  t h a n  expec ted .  The 

lower d e v i a t i o n  a n g l e s  and t h e  h i g h e r  work i n p u t  a t t a i n e d  r e s u l t  i n  h i g h e r  

d i f f u s i o n  f a c t o r s  b o t h  by i n c r e a s i n g  AV9 and by d e c r e a s i n g  t h e  a x i a l  

v e l o c i t y  r a t i o .  

C .  DATA TABULATION 

Tabula r  o v e r a l l  and b l a d e  e lement  performance d a t a  f o r  each s l o t t e d  

S t a t o r  1 t e s t  p o i n t  a r e  p r e s e n t e d  i n  Appendix B .  

I 

J 
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SECTION V I  
CONCLUDING DISCUSS I O N  

S l o t t e d  S t a t o r  1 produced l a r g e  l o s s e s  i n  t h e  end w a l l  r e g i o n  a s  i s  

The u s e  of w a l l  boundary l a y e r  b l e e d  t y p i c a l  of  h i g h l y  loaded  b l a d i n g .  

was expec ted  t o  l a r g e l y  e l i m i n a t e  t h e  spanwise v e l o c i t y  g r a d i e n t  and 

thereby  reduce  w a l l - b l a d e  l o s s e s ;  however, t h i s  e f f e c t  i s  n o t  observed .  

It i s  p robab le  t h a t  boundary l a y e r  s u c t i o n ,  i n  t h e s e  amounts,  i s  n o t  

s u f f i c i e n t  t o  e l i m i n a t e  t h e  t h ree- d imens iona l  f l ow and p e r m i t  even approx i-  

mate a t t a i n m e n t  of two-dimensional  l o s s e s .  Together  w i t h  t h e  h i g h e r-  

than- expected  d e v i a t i o n  a n g l e s  , t h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  

w a l l  r e g i o n  i s  g r o s s l y  a f f e c t e d  by  t h e  secondary  flow and t h a t  t h e  

e f f e c t i v e n e s s  of t h e  s l o t s  i n  t h i s  r e g i o n  cannot  b e  a s c e r t a i n e d .  I n  t h e  

midspan r e g i o n  (30 t o  50% s p a n ) ,  l o s s e s  approximat ing  t h e i r  d e s i g n  v a l u e s  

were achieved  b u t  t h e  a s s o c i a t e d  d i f f u s i o n  f a c t o r  was lower t h a n  d e s i g n  

because of t h e  e f f e c t  of t h e  h i g h  l o s s e s  and d e v i a t i o n  i n  t h e  w a l l  r e g i o n s  

on t h e  b l a d e  v e l o c i t y  r a t i o .  
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SECTION V I 1  
ILLUSTRATIONS 

This  s e c t i o n  c o n t a i n s  t h e  i l l u s t r a t i o n s  t h a t  have been r e f e r e n c e d  i n  t h e  

p reced ing  s e c t i o n s .  
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Gas Supply Ducting to Turbine 1 
Gas Exhaust from Slave Engine 
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7 -I- Front Bearing Assembly -t- Rear Bearing Assembly 
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Retractable Rotor Support 
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w 

Attachment 

Forward Rig Support 1 Instrumentation Station 

F i g u r e  111-2. R o t a t i n g  Axial Flow Cascade Test Rig FD 1468lB 
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7" 
16.425-in. 
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------=t_r=;__Lt=: 

Flow I) 

Inlet 
Guide 
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Instrumentation 
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V-Instrumentation 
F i g u r e  111-4. R o t a t i n g  Cascade Rig Bleed System Bosses FD 14683B 
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F i g u r e  111-6. T y p i c a l  S l o t t e d  S t a t o r  1 
Vane 
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TOP 

0 Wall Static Pressure 
A Traverse Wedge Probe, 20" 
0 Traverse Wake Probe 

F i g u r e  111- 7 .  I n s t r u m e n t a t i o n ,  S t a t i o n  1, 
V i e w  Looking Downstream 

FD 18596C 
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I 
1 TOP 

3 
1 

f 
J 

0 Keil Probe * 
0 Wall Static Pressure 
A Traverse Wedge Probe, 20" 
A Traverse Wedge Probe, 8" 

Pratt & Whitney Flircraft 
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*Radial location as a percent of span from tip is denoted by the 
number within the symbol 

Figure 111-8. Instrumentation, Station 2, 
View Looking Downstream 

FD 18595D 

. .4" 
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TOP 

0 Wall Static Pressure 
A Traverse Wedge Probe, 20" 
A Traverse Wedge Probe, 8" 
0 Traverse Wake Probe 

Figure 111-9. Instrumentation, Station 2A , 
View Looking Downstream 

FD 18594C 

VII-10 



Pratt t? Whitney Flircraft 
PWA FR-2286 

TOP 

0 Wall Static 
D Traverse Wedge Probe, 20" 
ATraverse Wedge Probe, 8" 
0 Kiel Probe * 
0 Temperature * 

*Radial location as a percent of span from tip is denoted by the 
number within the symbol 

Figure 111-10. Instrumentation, Station 3, 
View Looking Downstream 

FD 18597C 
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F i g u r e  111-11. Probe Conf igu ra t ions  

0.375 Dia T l  
0.125 Dia 1 

2.000 I t  I 

t -01375 
-' 

~ ~ 0 . 0 2 0  Dia 

".Li (Typ 19 Places) 

8" Wedge Probe 
0.218 Dia 
0.156 mT 

-1 I+- 
0.375 

AspirationJJ t 
Hole 0.410 

Kiel Head Kiel Head 
Total Pressure Probe Temperature Probe 

Note: All Dimensions Are in Inches. 
FD 18483B 
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40% 
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'/4 in. 4 
Gages on 
Convex Side 

Blade 

- Front 

F i g u r e  111-12. S t r a i n  Gage L o c a t i o n s  
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Figure V-1. Overall Performance: Flow 
Generation Rotor Only 

DF 56628 
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Figure V-2. Overall Performance; Inlet Guide Vane DF 56629 
and Flow Generation Rotor 

V I 1  - 15 
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F i g u r e  V-3. O v e r a l l  Per formance:  Guide Vane - Flow DF 56630 
Gene ra t ion  Rotor  - S l o t t e d  S t a t o r  1 

VII-16 



Pratt & Whitney nircraft 
PWA FR-2286 

3 

Figure V - 4 .  Composite Overall Performance: Flow 
Generation Rotor 

DF 56634 
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F i g u r e  V- 8 .  O v e r a l l  Performance:  I n l e t  Guide Vane and DF 56632 
Flow Gene ra t ion  Ro to r ,  E f f i c i e n c y  Based on 
V e l o c i t y  Diagram 
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DF 56633 F i g u r e  V-9. O v e r a l l  Performance: Guide Vane Flow Genera t ion  
Rotor  S l o t t e d  S t a t o r  1, E f f i c i e n c y  Based on 
V e l o c i t y  Diagram 
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F i g u r e  V - 1 0 .  Ai r f low C o n t i n u i t y  Comparison 

v11 -23 
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F i g u r e  V-12. S t a t o r  Blade E l e m e n t  Performance : 
10077 Des i g n  E q u i v a l e n t  Rotor  Speed, 
100% Span from T i p  
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F i g u r e  V - 1 3 .  S t a t o r  Blade Element Performance: 100% Design DF 56640 
Equ iva l en t  Rotor  Speed, 30% Span from T i p  
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F i g u r e  V- 1 4 .  S t a t o r  Blade Element Performance: 
100% Design E q u i v a l e n t  Rotor  Speed, 
5077 Span from T i p  

VII-27 
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F i g u r e  V-15. S t a t o r  Blade Element Performance:  
100% Design E q u i v a l e n t  Rotor  Speed,  
70% Span from T ip  

DF 56642 
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F i g u r e  V-16. S t a t o r  Blade Element Performance:  
100% Design Equ iva len t  Rotor  Speed, 
9VL Span from Tip  

VI1 -29 
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Figure V-17. Variation of Stator Blade Element Performance DF 5 6 6 4 4  
with 1ncidence:Slotted Stator 1, lo"/, Span from 
Tip 
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Figure V-18. Variation of Stator Blade Element Performance DF 56645 
with 1ncidence:Slotted Stator 1, 3077 Span from 
Tip 
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F i g u r e  V-20. V a r i a t i o n  o f  S t a t o r  Blade Element Performance DF 56647 
w i t h  I n c i d e n c e :  S l o t t e d  S t a t o r  1, 70% Span 
from T i p  
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1 
DF 56648 i F i g u r e  V-21. V a r i a t i o n  of S t a t o r  Blade Element Performance 

w i t h  1 n c i d e n c e : S l o t t e d  S t a t o r  1, 90"/, Span from 
T i p  
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F i g u r e  V-25. V a r i a t i o n  of Blade Element Performance DF 56652 
w i t h  1ncidence:Flow Genera t ion  Rotor ,  
100% Design Equ iva l en t  Rotor Speed, lo”/, 
Span from T i p  
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Figure V-26. Variation of Blade Element Performance 
with 1ncidence:Flow Generation Rotor, 
100% Design Equivalent Rotor Speed, 30% 
Span from Tip 

DF 56653 
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F i g u r e  V-27. V a r i a t i o n  o f  Blade Element Performance DF 56654 
w i t h  1ncidence:Flow Gene ra t ion  Ro to r ,  
loo"/, Design E q u i v a l e n t  Rotor  Speed,  
50% Span from T i p  
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F i g u r e  V-28. V a r i a t i o n  o f  Blade Element Performance DF 56655 
w i t h  1ncidence:Flow Gene ra t ion  Ro to r ,  
loo"/, Design E q u i v a l e n t  Rotor  Speed,  
707, Span from T i p  
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F i g u r e  V-29. V a r i a t i o n  o f  Blade Element Performance 
w i t h  1ncidence:Flow Genera t ion  Rotor ,  
100% Design E q u i v a l e n t  Rotor  Speed, 
9CPL Span from Tip 
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APPENDIX A 
DEFINITION OF SYMBOLS 

i .... I 

i 
a i  

A .  GENERAL NOMENCLATURE 

2 Flow p a t h  a n n u l a r  a r e a ,  i n .  AA 

C Chord l e n g t h ,  i n .  

D D i f f u s i o n  f a c t o r  

i 

M 

m 

0 

O* 

P 

P 

4 

R 

S 

S 

T 

t 

U 

V 

W 

13 

Y 

7"  

6 

6" 

rlad 

I n c i d e n c e  a n g l e ,  deg 

Absolute  Mach number 

Minimum b l a d e  passage  gap,  i n .  

C r i t i c a l  b l a d e  passage  gap ,  i n .  

T o t a l  p r e s s u r e ,  p s i a  

S t a t i c  p r e s s u r e ,  p s i a  

P r e s s u r e  e q u i v a l e n t  of  t h e  v e l o c i t y  head,  p s i a  

Reynolds number based on chord l e n g t h  

Blade s p a c i n g ,  i n .  

Blade s p a n ,  i n .  

Temperature,  "R 

Blade maximum t h i c k n e s s ,  i n .  

Rotor  speed ,  f t / s e c  

Absolute  v e l o c i t y ,  f t / s e c  

Ac tua l  flow rate ,  lbm/sec  

Absolute  a i r  a n g l e ,  deg 

R a t i o  of s p e c i f i c  h e a t s  

Blade-chord a n g l e ,  deg 

R a t i o  of t o t a l  p r e s s u r e  t o  NASA s t a n d a r d  
sea l e v e l  p r e s s u r e  of  2116 ps f  

D e v i a t i o n  a n g l e  , deg 

A d i a b a t i c  e f f i c i e n c y  

A- 1 
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.. . , 1  

I 

“ 1  

K 

S u b s c r i p t s  : 

0 

1 

2 

2A 

Z 

9 

S u p e r s c r i p t s  : 

0 

B. SLOT NOMENCLATURE 

A2 

R 

R 
P 

2 r 

t 

R a t i o  of  t o t a l  t empera tu re  t o  NASA s t a n d a r d  
s e a  l e v e l  t empera tu re  o f  518.7 “R 

Blade m e t a l  a n g l e ,  deg (based on e q u i v a l e n t  
c i r c u l a r  arc)  

D e n s i t y ,  l b  / f t ’  

S o l i d i t y ,  c /S  

Blade camber a n g l e ,  K1 - K 2 ,  deg 

T o t a l  p r e s s u r e  lo s s  c o e f f i c i e n t  

m 

Guide vane i n l e t  

Rotor  i n l e t  

Rotor  e x i t  

S t a t o r  exi t  

Axia l  component 

T a n g e n t i a l  component 

R e l a t e d  t o  r o t o r  b lade  

Mass ave rage  v a l u e  

2 
S l o t  t h r o a t  a r e a ,  i n .  

Coanda r a d i u s  , io. 

P r e s s u r e  s u r f a c e  edge r a d i u s ,  i n .  

S l o t  l e a d i n g  edge r a d i u s ,  i n .  

S l o t  t r a i l i n g  edge r a d i u s ,  i n .  

Blade t h i c k n e s s  a t  i n t e r s e c t i o n  of s l o t  
c e n t e r l i n e  and mean camber l i n e ,  i n .  

S l o t  c a p t u r e  dimension,  i n .  

S l o t  t h r o a t  d imension,  i n .  

Angle formed by s l o t  c e n t e r l i n e  and 
mean camber l i n e ,  deg 

A- 2 
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i 

i 

I 

r 
Y *  

.I ..1 

C .  BLADE ELEMENT TABULATION NOMENCLATURE FOR TABLE B-2 

PCT SPAN Pe rcen t  span 

D I A  Diameter , inches  

BE TA Absolu te  a i r  ang le  , degrees  

BETA (PR) R e l a t i v e  a i r  a n g l e ,  deg rees  

V Absolu te  v e l o c i t y ,  f t / s e c  

vz 

V-THETA 

Ax ia l  component of v e l o c i t y ,  f t / s e c  

Tangent i a  1 component of a b s o l u t e  
v e l o c i t y ,  f t / s e c  

V (PR) R e l a t i v e  v e l o c i t y ,  f t / s e c  

V-THETA PR 

U 

M 

TURN 

TURN (PR) 

UUBAR 

DFAC 

EFF P 

EFF 

I N C  I D  

DEV 

LOSS PARA 

T a n g e n t i a l  component of r e l a t i v e  
v e l o c i t y ,  f t / s e c  

Wheel speed ,  f t / s e c  

Absolu te  Mach number 

R e l a t i v e  Mach number 

A i r  t u r n i n g ,  degrees  

R e l a t i v e  a i r  t u r n i n g ,  degrees  

Loss c o e f f i c i e n t  

D i f f u s i o n  f a c t o r  

P o l y t r o p i c  e f f i c i e n c y  

A d i a b a t i c  e f f i c i e n c y  

Inc idence ,  deg rees  

Dev ia t i on ,  deg rees  

Loss parameter  

A- 3  
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APPENDIX B 
TABULATED PERFORMANCE 

The o v e r a l l  performance and p e r c e n t  r o t o r  and s t a t o r  b l eed  f low 

r a t e s  f o r  each  t e s t  p o i n t  a r e  p re sen ted  i n  t a b l e  B-1. 

Table  B-2 p r e s e n t s  b l ade  e lement  d a t a  f o r  each  t e s t  p o i n t .  D e f i n i -  

t i o n s  o f  t h e  b l a d e  e lement  pa rame te r s  a s  t a b u l a t e d  i n  the  computer 

p r i n t o u t s  a r e  p r e s e n t e d  i n  Appendix A.  

B-1 
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Table B-1 .  Tabu la t ion  of  O v e r a l l  Performance and P e r c e n t  B leed  Flow 

O v e r a l l  Performance 

Cor rec ted  Weight Flow 
w &IS, l b m / s e c  

47.52 
49.65 
52 . O O  
56 . O O  
62.06 
67.38 

60.48 
60.71 
67.62 
72.88 
78.42 
83.43 

m 
I 
tu 

64.78 
68.97 
74.70 
79.85 
85.89 
91.39 

71.14 
74.51 
78.20 
82.79 
88.92 
94.94 

Rotor  S tage  

q a d ,  % F2,/p0 P21Fl q a d ,  % 

70% Design E q u i v a l e n t  Rotor  Speed 

1 . 0 3  87.91 1 .08 76 .ll 
1 . 0 3  90.20 1 .09  79.39 
1 . 0 3  96.75 1 . 0 8  83.43 
1 .03  95.77 1 . 0 8  84.18 
1.02 104.15 1.07 86.59 
1.02 109.83 1 .05 80.67 

90% Design Equiva len t  Rotor  Speed 

1 .16 88.45 1.14 75.00 
1.17 84.63 1 .14 70.45 
1.16 93.72 1 . 1 4  79.89 
1 .15 100.97 1.13 84.07 
1 .13 103.70 1.11 83.15 
1.11 111.27 1 .08 81.30 

100% Design Equiva len t  Rotor  Speed 

1 . 2 1  83.30 1 . 1 7  70.10 
1 . 2 0  84.91 1.16 68.52 
1 .20  91.96 1 .17  78.06 
1 .19  96.27 1.16 79.06 
1.17 101.34 1.13 79.58 
1.14 110.66 1 . 1 0  81.63 

110% Design E q u i v a l e n t  Rotor  Speed 

1 . 2 5  84.31 1 .12 68.08 
1 .25 86.52 1 . 2 1  72.18 
1 .25 90.44 1 .21  75.84 
1 .25 95.71 1 .20 77.82 
1.22 99.32 1.17 79.49 
1.18 105.75 1.13 78.00 

P e r c e n t  B leed  

Rotor  

1.47 
1.36 
1 .25  

.96 

.62 
1.88 

1 .63  
1 .35  
1.12 

.77 

.87 

.87 

1 .54 
1 .38  
1 .09 

.92 

.66 

.35 

1.13 
1.04 

.92 

.73 

.41 

.27 

S t a t o r  

3 . 5 1  
3 .24 
2 .91 
2.47 
1 .74 

.99 

3 .61  
3 .40 
3.02 
2 .33 
1 .74  

.70 

3.86 
3 .54 
2 .91  
2.39 
1 .74  

.68 

3.20 
3 .02 
2.68 
2 .15  
1 . 3 3  

.82 



PCT SPAN 

D I A  
BETA 0 
BETA 1 
v o  
v 1  
vz  0 
v z  1 

V-THFTA 1 
M O  
H l  
TURN 
UURAR 
DFAC 
E F F P  
I N C I D M  

DEVM 

V- THETA n 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
vz SA 
V-THFT¶ 2 
v-THETA 26. 
M ?  
H 2A. 
TURN 
IJUBAU 

Loss, PARAMgTga 

DFAC 
EFFP 
I N C  IOP 

?EVY 
016 
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Tab le  B-2. Blade Element Performance 

I N L F T  GiJIllF VANF 1 

S T 4 T I l Y  '3 - STATION 1 

90 70 50 

33-62? 
0.070 

34.331 
299.94 
477.413 
29R.94 
15 3 .  '1 1 

n.np 
2 4 i . n ~  
0.2697 
n. 3497 
- 3 % .  3 3  
0.0414 
-n.n4i 
0.9754 
****e+ 

35. lh7 

36.439 
70R.94 
4?6.79 
77R.94 
1 6 3 . 3 5  

n . iio 
753.50 
0.3697 
0.3880 
-36.44 
0. 0055 

I .  0075 
26.9001 

i . o m  

n.007 

36.712 
0.00.J 

37.3R5 
298.94 
420.95 
299.94 
334.48 

o.no 
755.59 
0.2697 
0.3876 
- 37.38 
0.0207 
n.032 

0.9933 
?7.3001 

7.7h9 h.4h l  5 . 3 1 5  

SLoTl'ED STAlDR 1 

STATIOY 7 - STATI[IN 2A 

90 

57.046 
44.7 h 5  
7?8. 3 R  
328.7H 
396.21 
233.43 
611.10 
731.57 

0.2867 
12.7nl 
0.33740 

.0968 

0.6521 

0.7661 
0.7352 

4.9n 

33.. 564 
22.63 

70 

50.010 
7 5 . 9 1 1  
7 2 6 . 3 9  
4ft2.38 

358.21 
61 f a .  0 4  
754.59 

il.3RRO 
7?.079 

-4~4.n7 

n.65w 

n.1756 
.w22 

n.6r)5? 
0. 954n 

5.Rh 

1 3 . 7 9  
3J4.pq3 

50 

59.542  
32.493 
716.56 
487.41 
363.23 
411.45 
617.67 
262.05 
0,6395 
0.4786 
27.049 
0.0 R9 5 

,0343 

0.5453 
1.1540 

7.3Y 

10 . i 5  
36.. 470 

30 

38.256, 
0.000 

37.151 
2 93. Y't  
411t.04 
299.44 
330.01 

25d.  05 
0.2697 
0 .3761 
-37.15 
0.3456 

0.050 
0.9h91 

27.7001 

7.749 

).on 

30 

02.530 
34.517 
hBB.51  
451.20 
311.60 
371.77 
610.88 
2 5 i . 6 7  
0.9113 
3.3946 
28.013 
0.1167 

.0454_ 

0.5695 
1.1234 

14.38 

12.-30 
37. H40 

10, 

39.801 

37.177 
298.94 
390.30 
298.94 
31".99 

235.85 
0.2697 

-37.13 
0.7250 

0.7781 
7R. 1001 

H.123 

0. oon 

0. no 

n.3540 

0. in., 

10 

63.251 
36.811 
676.34 
42R. 16 
23Q.61 
342.77 
632.4R 
256.59 
0.5957 
0.3740 
32.434 
0.1514 

.0591 

0.6413 
2.1184 

17.10 

14.69 
'9-. 7 7 h 

PERCENT DESIGN SP€ED = 110.03 

CnHRECTEn WEIGHT FLOW = 71.14 

CIlRRFCTEn ROTOR SPEED = 4236.00 

B- 3 

PCT SPAN 

D I A  
R F T P  1 
RETA 2 
R F T A I P R I  1 
BFTALPRI  2 
V I  
V ?  
vz 1 
V I  2 
V-THFTA 1 
V-THETA 2 
V I P R )  1 
V ( P R 1  2 
VTHFTA PR1 
VTHETA PR? 
u 1  
U ?  
Y 1  
M ?  
Y I P R I  1 
Y I P R )  2 
TURNIPR)  
UIJBAR 
OFAC 
E F F P  
F F F  
I N C I D N  

OFVH 

m u  GBNBIUTIUN P l D U  

STATION 1 - STATION 2 

890 

33.589 
34.331 
57.046 
47.135 

1.394 
427.48 
728.38 
353.01 
396.71 
241.09 
611.19 

51R.9 
396.3 

-380.4 
-9.6 

621.44 
620.83 
0.3807 
0.6521 

0.3548 
45.741 
0.2068 
0.5206 

0.7409 
15.69 

6.774 

0.4718 

0.7487 

70 

35.067 
36.439 
58.010 
49.109 

4.763 
426.79 
726.39 
343.35 
384.A2 
253.50 
616.08 

524.5 
3R6.2 

-396.5 
-32.1 

649.99 
648.14 
0.3880 
0.6502 
0.4769 
0.3456 
44.346 
0.1832 
0.5535 
0.7811 
0.7740 

13.47 

6.723 

50 

36.545 
37.385 
59.542 
51.662 

9.040 
420.95 
716.56 
334.48 
363.23 
255.59 
611.67 

539.2 
367.8 

-423.0 
-57.8 

678.54 
675.46 
0.3826 
0.6395 
0.4901 
0.3283 
47.622 
0.2141 
0.6133 
0.7658 
0.7580 

12.43 

6.880 

3c 

38.023 
37.151 
62.530 
54.149 
16.138 
414.04 
688.51 
330.01 
317.60 
250.05 
6 10- 88 

563.7 
330.6 

-457.0 
-91.9 

707.09 
702.78 
0.3761 
0.6113 
0.5121 
0.2936 
38.031 
0.3105 
0.7086 
0.7045 
0.6951 

11.75 

9.518 

m 

39.501 
37.177 
69.251 
58.109 
22,167 
390.30 
676.34 
310.98 
239.61 
235.85 
632.48 

588.6 
258.7 

-499.8 
-97.6 

735.64 
730.10 
0.3540 
0.5952 
0.5339 
0.2277 
35.942 
0.4410 
0.8848 
0.6311 
0,6189 

12 -35  

11.297 
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Table  B-2. Blade Element Performance (Continued) 

PrRCFNT ? T S I G h i  SPFEO = 109.92 

C‘WI2ECTi-n CFIFHT FLOW = 74.51 

CnRRFCIF7 QnTfl4 SPFFO = 4232.00 

pu)W GEIWZATION ROTOR 

STATION I - STATION 2 

90 70 5n 30 10 PCT SPAN 90 70 50 70 10 PCT SPAN 

3 3 .  b? 2 
n.qqn 

34.653 
314.2P 
460.38 
314.7P 
374.71 

761.77 
0 . 2 R 3 R  
0. ’+ 1 Of,  
-34.66 
0.37h3 

n.nse7 * *** f e 

‘1.m 

-0.n63 

35.167 
1.q:Xl 

3’s. 69.3 
3 14.78 
‘r59.19 
314.2-1 
377.55 

n.nn 
761.36 
0 .2434 
0.4185 
- 14.6U 

-~1.0213 
- 1.134 
1. 02q9 

7 h .90.7 1 

36.712 

77.4n3 
314.79  
451.4) 
3 1 4 . 2 ~  
357.64 

275.45 
0.273 %ti 

0.4112 
- 3 7 . 6 0  

- 0 . O O h  3 

1.0170 

o.mo 

0.00 

n.r)i’> 

27.300 I 

DIP 
BETA 0 
RET4 1 
v o  
v 1  
vz 0 
VL I 
V-THrT4 7 
V-THFTA 1 
M 0  
M 1  
TURN 

DFAC 
EFFP 
INCIOM 

OEVY 

uueaI< 

38.256 
0.0JJ 

37.393 
314.2.1 
443.00 
314.28 
351.96 

J.00 
269.02 
0.2838 
0.403 3 
-37.39 
0.0138 

0.035 
0.49731 

2 7.790 1 

7.501 

39.RQl 

36.qR1 
314.79 
415.65 
714.29 
737.0? 

0.0Q 
?50.0? 
0.2R19 
0.7776 
-36.99 
0.7027 

0. 0q4 

78.1001 

8.31q 

0.000 

0.73057 

014, 
RFTA 1 
RFTA 7 
RFTA(PRI I 
BETA(PR) 2 
V I  
v 2  
v7 1 
v7 2 
V-THFTA 1 
V-THETA 2 
VIPRI I 
V(PRI 7 
VTHFT4 PRI 
VTHFT4 PRZ 
U I  
u 7  
M I  
M 7  
MlPRl 1 
M(PR) 2 
TURN ( PR I 
Ll lJRAR 
OFAC 
EFFP 
EFF 
INCIDM 

DEVM 

33.5739 
34.653 
5h.210 
43.476 

2.054 
460.38 
728.82 
77R.71 
405.33 
761.77 
605.71 

571.9 
405.6 

-759.1 
-14.5 

620.85 
620.24 
0.4196 
0.6549 
0.4757 
0.3644 
41.422 
0.0988 
0.4 856 
0.8082 
0.73022 

12.04 

7.434 

35.067 
34.693 
56.914 
45.784 

5.634 
459.19 
726.18 
377.55 
396.42 
261.36 

541.4 
398.3 

-79.1 
649.79 
647.53 
0.4185 
0.6536 
0.4934 
0.3585 
40.150 
0.1286 
0.5330 
0.8812 
0.8173 

10. 14 

7.594 

608.43 

-38R.n 

36.545 
37.603 
5R. 123 
48.374 
10.553 
451.42 
712.16 
357.64 
376.09 
275.45 
604.76 

538.4 
382.6 

-70.1 
677.90 
674.82 
0.4112 
0.6391 
0.4904 
0.3433 
37.820 

-4n2.4 

0. in83 
0.5588 
0.8575 
0.8529 

9.14 

8.393 

39.023 
37.393 
60.013 
51.177 
15.897 
443.00 
696.21 
351.96 
347.97 
269.02 
603.02 

561.4 
3’bl.R 

-437.4 
-99.1 

706.47 
702.12 
0.4033 
0.6772 
0.5111 
0.3233 
35.2131 
0.1871 
0.6301 
0.8056 
0.7993 

8.76 

9.277 

39.501 
36.901 
68.100 
55.601 
21.510 
415.63 
678.63 
332.02 
253.12 
250.02 
629.65 

587.7 
272.1 

-484.9 
-99.8 

729.41 
0.3776 
0.6010 
0.5339 
0.2410 
34.092 
0.3859 
0.8482 
0.7066 
0.6970 

10.24 

10.640 

734.94 

7.547 3.7n7 6.097 

SLOTPBD STATOR 1 

S T A T I W  7 - S T A T I O V  2A 

90 

5 6 .7 1 C‘ 
34.653 
728.42 
372.35 
405.33 
3 0 6 . 3 0  
h05.71 
711.77 
0.6549 
0.3740 
71.557 

.0945 
0.7739 

0.7147 
0.7036 

4.06 

12.51 
17.564 

70 

56.714 
34.693 
726.18 
477.30 
306.47 
388 * 14 
h ) 8 .  43 
75R.R-3 
n.6536 
0.4155 
77.771 
O.17R5 
.0462 

0. 5537 

4.76 

12.55 
34. QQ? 

0.a5in 

50 

5H.173 
37.603 
712.15 
496.49 
37h.09 
393.34 
6n4.76 
302.95 

0.4373 
70.520 

.0242 

n . 6 w i  

11.067) 

0.4961 
n.9697 

5.97 

15.46 
36.470 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
vz 2A 
V-THFTA 2 
V-THFTA 2A 
M 2  
M 2A 
TURN 
I J l l R A R  

LoS@ARAMETER 

30 

60.01 3 
37.393 
696.21 
477.90 
347.97 
379.69 
603.02 
290.22 
0.6222 
0.4196 
27.620 
O . O R 9 1  

.0334 

10 

68.100 
16.981 
678.67 
471.44 
253. I?  
336.98 
629.h5 
253.76 

0.3686 
11.11’-l 
0.1771 

.D!i89 I 

0 . ~ 1 1  D 

DFAC 
EFFP 
I h i C I O M  

OEVN 
D f~ 

0.5270 0.6518 
0.9602 l . l R 5 1  

7 . 8 6  15.05 

15.25 14.R4 
37.848 39.275 

B-4 
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Table  B-2. Blade Element Performance (Continued) 

PERCFYT OESIGN SPFFD = 110.03 

CORRECTED WEIGHT FLOW = 78.21 

COYRFCTED ROTnR SPEED = 4736.00 

3 

.i 

4 
IMLFT SIJI0F VANE 1 FLOW d a O N  ROTOR 

STATIPY a - STATION 1 STATION 1 - STATION 2 

PCT SPAN 90 70 50 30 10 PCT SPAN 90 70, 5 0  301 

38.023 
37.716 
58.376 
49.007 
15.513 
464.83 
704.86 
370.18 
369.59 
281.14 
600.19 

564.3 
383.6 

-425.9 
-102.6 
707.09 
702.78 
0.4238 
0.6316 
0.5145 
0.3437 
33.494 
0.0881 
0.5815 
0.8601 
0.8555 

6.59 

8.893 

10 

39.501 
37.019 
64.300 
53.209 
21.343 
440.58 
682.00 
351.77 
295.76 
265.26 
614.53 

587.4 
317.5 

-470.4 
-115.6 
735.64 
730.10 
0.4010 
0.6064 
0.5346 
0.2823 
31.866 
0.2462 
0.7463 
0.7731 
0,7655 

7.85 

10.473 

D I A  
BETA 0 
BETA 1 
v o  
V I  
vz  0 
V Z  1 
V-THETA 0 
V-THETA 1 
M O  
M 1  
TURN 
UUBAR 
OFAC 
EFFP 
INCIDM 

OEVM 

33.h27 
0.0?0 

84.808 
331.32 
479.56 
371.37 
393.75 

0.00 
273.76 
0.2994 
0.4378 
-34.81 
0.0214 

0.9913 
*+***e 

-0.049 

15.167 
5.000 

36.702 
331.37 
470.46 
371.32 
344.41 

0.00 
236.55 
0.2994 
0.4777 
-36.70 

-0.0214 
-0.003 
1.0289 

76.Qnoi 

36.712 
0.000 

37.?92 
331  - 3 2  
472.63 
331.32 
376.01 

0.00 
286.36 
0.2914 
0.4312 
-77.29 

-0.0023 
0.018 

1.0174 
77.3001 

38.256 
0.000 

37.216 
331.32 
464.83 
331.32 

0.00 

0.29Y4 

-37.22 
0.0248 

0.038 
0.9869 

2 7.1001 

370.18 

231.14 

0.423a 

39.801 
0.000 

37.019 
331 -32  
440.58 
331.32 
351.77 

0.00 
265.76 
0.2994 
o.4010 
-37.n7 
0.1918 

0.091 
0.8180 

28.1001 

D I A  
S E T A  1 
RFTA 2 
RFTAIPR) 1 
BETAIPR) 7 
V I  
v 7  
vz 1 
vz 2 
V-THETA 1 
V-THETA 2 
VfPR) 1 
VIPR) 2 
VTHETA PRI 
VTHETA PR2 
I f  1 
u 2  
M 1  
M 2  
MIPR) 1 
M(PR) 2 
TURNIPR) 
UlJBAR 
DFAC 
EFFP 
EFF 
INCIDM 

0EVM 

13.589 
34.808 
56.249 
4 1  -446 

2.595 
479.56 
724.73 
393.75 
407.65 
273.74 
602.58 

525.3 
403.1 

-347.7 
-18.2 

621.44 
620.83 
0.4378 
0.6511 
0.4795 
0.3621 
38.851 
0.1010 
0.4823 
0.7734 
0.7667 

10.01 

35.067 
36.702 
56.656 
43 * 394 

5.848 
479.46 
726.87 
384.41 
399.54 
286.55 
607.22 

529.0 
401.6 

-363.4 
-40.9 

649.99 
640.14 
0.4377 
0.6546 
0.4829 
0.3617 
37.546 
0.0425 
0.4951 
0.8717 
0.8676 

7.75 

36.545 
37.292 
57.571 
46.206 
10.193 
472.63 
718.21 
376.01 
385.14 
266.36 
606.21 

543.3 
391.3 

-392.2 
-69.3 

678.54 
675.46 
0.4312 
0.6453 

0.3516 
36.013 
0.0567 
0.5391 
0.8708 
0.8666 

6.98 

0,4957 

7.792 6.198 6.408 7.684 8.281 

SLOTTED STATOR 1 

STATION 7 - STATIONZA 

90 70 5 0  30 10 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz  2 
vz 2A 
V-THETA 2 
V-THETA 2A 

M 2  

56.249 
43.239 
724.73 
3R3.06 
402.65 
279.06 
607.58 
262.42 
0.4511 

56.656 
33.543 
776.87 
435.21 
3s9.54 
404.41 
607.22 
768.11 
0.6546 

57.571 

718.21 
515.77 
385.14 
438.37 
604.71 
270.81 
0.6453 

3 1  .in7 
58.376 
33.389 
704.86 
509.97 
369.59 

6110.19 
280.65 
0.6316 

4 ~ 5 . 8 0  

64.300 
39.506 
682.00 
451.35 
295.76 
348.25 
614.53 
287.13 
0.6064 

i 
i 

-4 
7.975 7.808 8.033 

I 

M 2A 0.3357 0.4281 0.4553 0.4497 0.3957 

UURhR 0.2647 0.1758 0.0703 0.0782 0,1705 
LOSS PARAMETga .0808 .0459 .0272 .0308 .0641 

TURN 13.010 23.113 7 5 . ~ 6 4  24.987 24.794 

DFAC 0.6673 0.5361 0.4953 0.4918 0.5754 
EFFP 0.7588 0.9074 1.0277 0.9085 1.0291 
INCIOY 4.10 4.51 5.42 b.23 12.15 

DEVM 21.10 11.40 9.57 11.25 17.37 
DlA 33.564 34.992 36.420 37.848 39.27h 

1 

J 

B-5 
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7 
1 D 

'j 
f 

. '7 

I 

! 

PCT SPAN 

D I A  

BETA 1 
V @  
v 1  
v z  0 
vz 1 
V - T H C T A  0 
V-TtI tT4 1 

M 1  
TVRN 
UUBAI' 
DFAC 
EFFP 
INCl l lh '  

DEVY 

B E T A  n 

M O  

PCT SPAN 

BETA 7 
BET4 2A 
v 7  
V 2A 
v 2  7 
V I  2A 
V-TI1f T;r 7 
V-TY 2A 
N 2  
M 2A 
TIJP"1 

Table B-2. Blade Element Performance (Continued) 

PTRCFWT 0ESlGN S P F F O  = 110.16 

CnRRFCTED WFIGHT FLOW = 82.79 

C n P R F C T E n  RnTnR SPEED = 4241.00 

Ih lLfT S I I I C E  VAN€ 1 

STfiTI"'4 0 - 5T4TlflN 1 

90 70 5 0  

3h.712 
0.000 

37.40U 
352.90 
517.73 
357." ' )  
410.'17 

0.tlJ 
314.311 
9.31'13 

-37.41 
0.4739 

-(i.nn4{, 
- 0 . nn,h 
1.011'1 

27.3091 

DFAf  0.  5 0 5 8  
EFFD 0.7760 
i N r  111'4 2.73 

@EV 20.50 
'' 1 A 3 3 . 5 6 4  

70 

55.607 
3 3 .  l r  3 
7/*4. P5 
Si4.7R 
4'41.74 
4 3 \ )  . 5 1 
6 1 4 . h 4  
771.37 

1.4557 
77.444 
1 .  I l r t l  

.e469 

) . s, r 4 4  

1.5019 
I1.0211 

3.46 

11 -02 
3'.. 902 

h .  707 

1 

I ITN 2A 

5 0 

56.364 
31.916 
735.77 
543. i 3 

/ + h l . l Q  
617.59 
7R7.75 
3 .  h 6 1 9 
n . /+ 9 7 4 
74.44a 
n. 0774 
.0283 

4 0 7 . ~ ~ ~  

0 .4h3 i  
1.0464 

4.21 

9.76 
36.420 

30 

38.756 
U.ll00 

37.778 
352.90 
235.'13 
352.9 0 
'*(I?. 5 I 

J.JlJ 
306.43 
0 . 3  193 
3.4fl2a 
- $ 7 . 2 8  
0 . I12 5 4 

0.918 
0 .  3dD0 

L7.7031 

7.~22 

30 

5 h . i)'i 9 
13.  '> 3 6 
721.41 
5't4.1 Y 
394.5d 
' t53 .00 
603.99 
3n I. bh 
0.04qu 
J. $ 8  I 9 
2 5 . 3 1 1  
J. l b h 3  

.0261 

0 . wt 5 2 
0.4645 

4.70 

11.40 
37.848 

10 

3 9 . ~ ~ 1  
n . n w  

7h.icR1 
3 57 * Ql' 

47R.f.O 
357.9 0 
382.h7 

0.03 
287.77 
0.31 0 7  
0.41f.7 
-36. $8 
n.zn65 

n .R iq i  
7 ~ . i o n i  

0.077 

R.419 

10 

m . n n 7  

491.04 

4n.765 
776.56 

3h3.74 
3 1 1 . 1 1  
h 79.7 7 

32n.e.3 
0. 6504 
0.437.3 
19.7 45 
11. " 4  7 

.0829 

0.5347 
0.80'i$ 

7. P'; 

18.63 
14.77.i 

PCT SPAN 

1) I A 
9FTA 1 
Y F T A  2 
Y F T A f P S I  1 
Y F T A ( P R I  7 
V I  
v 7  
v7 1 
V T  7 
V-TWCTA 1 
V-THFTA 2 
V (  I'RI 1 
V I P S )  7 
VTHFTA W 1  
VTHFTP PP7 
I f  1 
1 7  

U l  
'4 7 
Y I P K )  1 
YfPQl 7 
TIJAY(  PR 1 
1111 P AS 
DFAC 
'FFO' 
F F T  
I Y C I D M  

n&VM 

FLOW GEHERATIOI ROTOR 

STATION 1 - STATION 2 

90 

33.5R9 
34.969 
54.883 
36.552 

7.324 
526.98 
738.79 
431.84 
474.99 
302.03 
604.31 

537.6 
475.3 

-17.2 
672.18 
521.56 
0.4830 
Q.6662 
0.4977 
0.3R36 
34.778 

0.4330 

-370.1 

o.0509 

0.7750 
n.7687 

7.704 

5.11 

70 50  

35.067 16.545 
36.915 37.408 
55.607 56.364 
38.572 41.613 

4.657 8.890 
525.55 511.38 
744.85 775.77 
420.19 410.97 
420.74 407.56 
315.66 314.30 
614.64 612.59 

537.4 449.7 
422.1 412.5 
-335.1 -365.0 

-34.3 -63.7 
650.76 679.34 
648.91 676.76 
0.4816 0.4738 
0.6734 0.6639 
0.4975 0.5034 
0.3817 0.3722 

-0.0132 -0.0033 
0 . 4 4 ~ 0  n .4Rw 

33.915 77.713 

0.9876 0.8950 
0.8841 0.8917 

2.93 2 .38  

6.617 h. 770 

30 

38.077 
37.778 
56.849 
44.973 
14.172 
505.93 
721.41 
402.57 
394.50 

603.99 
569. b 
406.9 

- 4 0 1 . 5  
-99.6 

707.92 
703.61 
0.4628 
0.6490 

0.3661 
30.751 
0.0 2 5/t 
0.5264 

306.41 

0.5201 

0 . ~ ~ 4 4  
n.mo7 

2.50 

7.552 

10 

39.501 
36.881 
49.566 60.000 

15.646 
478.60 
726.56 
382.82 
363.28 
287.23 
629.22 

590.3 
377.3 

-449.3 
-101.7 
736.51 
730.96 
0.4368 
0.6534 
0.5388 
0.3377 
33.920 
0.1110 
0.6405 
0.8697 
0.8650 

4.21 

4.776 

I 
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Table B-2. Blade Element Performance (Continued) 

STATION 0 - STATION 1 

.._ J 

I .  

1 
. i  

PERCENT DESIGN SPEEO = 109.95 

CORRECTED WEIGHT FLOW = 88.92 

CORRECTED ROTOR SPEEO = 4233.00 

I N L E T  GUIOE VANE 1 FLOW GRUBRATION ROTOR 

STATI f lN  I - STATION 2 

PCT SPAN 9c 70 50 30 10 E T  SPAN 90 70 50 30 10 

O I A  
BETA 0 
BETA 1 
v o  
v 1  
vz  0 
vz 1 
V-THETA 0 
V-THETA 1 
n o  
n 1  
TURN 
UUBAR 
OFAC 
EFFP 
INCIOW 

OEVH 

PCT SPAM 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
v z  2k 
V-THETA 2 
V-THETA 2~ 

n 24 
TURN 
UUBAR 
-mtwlfmE 

n z  

33.622 
0.000 
35.286 
382.45 

382.45 
469.57 
0.00 

332.30 

0.5296 
-35.29 
0.0247 
-0.092 
0.9882 
*****e 

6.814 

575.26 

0.3467 

35.167 

36.982 
382.45 

382.45 
458.05 
0.00 

344.94 
0.3467 

-36.98 
-0.0162 
-0.037 

26.9001 

5.918 

0.000 

573.41 

0.5278 

1.0187 

36.717 
0.000 
37.532 
382.45 
565.03 
382.45 
44A.08 
0.00 

344.22 
0.3467 
0.5197 
-37.53 
-0.0008 
-0.014 
1.0073 
27.3001 

6.168 

S U ) m D  STATOR 1 

STATION 7 - STATION 2A 

90 

52.350 
40.176 
771.88 

471.49 
370.35 

312.70 

12.174 

. o m  

484.71 

611.14 

0.7027 
0.4303 

0.2408 

70 

52.993 
32.359 

575.06 
468.64 

778.58 

485.75 
621.75 
307.78 
0.7101 
0.5148 
20.634 
0.1119 

.W13 

50 

53.465 
31.938 

594.49 
455.00 
504.49 
614.11 
314.48 
0.6955 
0.5328 
21.527 
0.0569 

.022 

764.30 

38.256 
0.000 

382.45 
554.65 
382.45 
441.62 
0.00 

0.3467 
0.5096 
-37.23 
0.0290 
0.006 
0.9830 

37,230 

335.57 

27.7001 

7.670 

30 

54.043 

750.53 
591.78 

496.50 

322 -02 
0.6814 
0.5283 

0.0575 
.023 

32.967 

440. r o  

607.53 

21.076 

39.801 
0.000 

382.45 
524.67 
382.45 
420.45 
0.00 

313.79 
0.3467 
0.4807 

0.2116 
0.060 
0.8274 

28.1001 

8.565 

36.735 

-36.73 

10 

55.411 
40.273 
731.83 
536.25 
415.45 
409.14 

346.65 
0.6605 
0.4761 
15.138 
0.1586 

.0589 

602.47 

OFAC 0.5334 0.4375 0.4009 0.3924 0.4405 

I N C I O H  0.20 0.84 1.32 1.89 3.26 

OEVH 18.04 10.22 9.80 10.83 18.13 

EFFP 0.7533 0.9436 1.0727 0.8920 0.8370 

D I A  33.564 34.992 36.420 37.848 39.276 

B-7 

O I A  
BETA 1 
BETA 2 
BETAtPRI  1 
BETA(PR1 2 
v 1  
v 2  
vz I 
vz 2 
V-THETA 1 
V-THETA 2 
V ( P R )  1 
V(PR1  2 
VTHETA P R 1  
VTHETA PRZ 
u t  
u 2  
M I  
H 2  
H ( P R I  1 
M t P R I  2 
TURN1 PR 1 
UUBAR 
OFAC 
EFFP 
EFF  
INCIOM 

D E W  

33.589 
35.286 
52.350 
31.584 
1.123 

575.26 
771.88 
469.57 
471.49 
332.30 
611.14 
551.2 

-288.7 
-9.2 

621.00 
620.39 
0.5296 

471.6 

0.7027 
0.5075 
0.4297 
30.460 
0.0494 - 
0.3462 
0.8290 
0.8246 
0.14 

6.503 

35.067 
36.982 
52.993 
33.623 
3.168 

573.41 

458.05 
468.64 
344.94 
621.75 
550.1 
469.4 
-304.6 
-25.9 
649.53 
647.69 

0.7101 
0.5063 

778.58 

0.5278 

36.545 
37.532 
53.465 
36.688 
7.621 

565.03 

448.08 
455.00 
344.22 
614.11 
558.8 
459.1 
-333.8 
-60.9 

674.98 
0.5197 
0.6955 
0.5139 

764.30 

678.06 

0.4281 
30.455 
.0.0129 
0.3580 
0.9381 
0.9363 
-2.02 

5.128 

0.4177 
29.068 
-0.0051 
0.3916 
0.9365 

-2 A 54 

5.46 1 

0.9347 

38.023 
37.230 
54.043 
40.034 
12.135 
554.65 
750.53 
441.62 
440.70 
335.57 
607.53 
576.8 
450.8 
-371.0 
-94.8 
706.59 
702.28 
0.5096 
0.6814 
0.5300 
0.4093 

0.0312 
0.4368 
0.9398 
0.9381 
-2.39 

5.515 

27.900 

39.501 
36.735 
55.41 1 
‘45.060 

524.63 
731.83 
420.45 
415.45 
313.79 
602.47 
595.7 
434.5 
-421.3 
-127.1 
735.12 
729.58 
0.4807 

0.5454 
0.3921 
28.048 
0.0877 
0.505 1 
0.8927 
0.8894 
-0.30 

6.142 

I 7.012 

0.6605 



PCT SPAN 

O I A  

B E T A  1 
v 0  
v 1  
v z  0 

R E T &  n 

v z  1 

V-THCTA 1 
V-THFTA n 

M O  
M I  
TURN 
UURAH 
DFAC 
E F F P  
I N C I D Y  

nEvM 

PCT SPAN 

BETA 7 
RETA ?.A 
v z  
v 2 A  
vz  2 
VZ 2A 
V-JtiCTA 7 
V-TMFTA 2A 
M 2  
M 2A 
TUKY 
UIJRAR 

MSS PARAMETER 

OFAC 
EFFP 
I N C I O M  

DEVM 
O I A  

Pratt & Whitney Glircraft 
PWA FR 2286 

Table B- 2. Blade Element Performance (Continued) 

90 70 5 0  

7 3 .  h ,7 

3 5 . 3 7 5  
417.4P 
h39.59 
4 l ? . + R  
513.23 

3h4.57 
0.3746 
0.5R79 
-75 .3Q 

-11. 07 ' )  
fl.9R54 
***PI** 

n . i w  

o.w 

0.0737 

3 l i . lh7  

33.977 
417.48 
h ? q .  3c 
C1 7.4R 

# I .  m n  

537.03 
lt.no 

377.92 
1). 3146 
1.5817 
-36.97 

- f l .4133 
-4). 053 
1.1145 

25 .9 "n i  

3h.712 
0.01.3 

37.R99 

614.91 
412.48 
489.7h 

412.4a 

0.00 
3170.72 
0.3746 
0.5734 
-77.u9 

-0.0'11 

27.30Ol 

o.qa?z 

i .nn37 

6.715 ' i . l ? A  5.811 

SLOTTED 5TATI1? 1 

S T L T I n h  7 - STATl f IY  2A 

90 

40.372 
15.877 

5R8.36 
521.81 
416.65 
bOR.?n 
344.75 
0.7407 
0.5301 
13.495 
0.7387 
.m12 

un1.77 

0.4(137 
0.5490 
-2.78 

13 -74  
33.564 

70 5 0  

4q.hbR 40.R75 
71.550 71.865 
'714.13 196.24 
h69.16 668.04 
576.02 513.14 
570.75 567.36 
h70.61 608.R4 
750.13 752.67 
(1.7558 0.7371 
0.6099 o.hoRo 
1U.l lR 18.010 
0.1130 O . O R R 1  

.W21 .0340 

0.3132 0.3079 

-7.4R -2.21 

S . 4 1  9.75 
34.9S7 36.420 

n . 7 0 ~ 9  0 . 7 0 ~ ~  

30 

3d.756 

37.25h 
412.4ti 
60?.9U 
412.48 

J . 9 0  
3 6 Y. 0 5  
0.514h 
0.5634 
-37.24 
0.1310 
-i).U14 
0.Qd2U 

27 .  7001 

7.664 

J. n w  

484.57 

30 

49.334 
32.963 
778.77 
669.20 
507.4R 
561.48 
590.71 
364.11 
0.1180 
0.6063 
16.311 
U -05 9 1 
,0234 

0.2793 
0.6473 
-2.82 

10.82 
37.548 

10 

39.801 
0. wm 

37.004 
412.43 
575.65 
412.49 
450.6.1 

0.OP 
346.50 
0.3745 

- 3 7 . 0 1  
0.738 ' l  

0.5700 

0.046 
0.~157 

78.11701 

8.297 

10 

50.800 
38.639 
780.49 
598.59 
497.30 
467.55 
604. 84 
373.76 
0.70RR 
0.5366 
12.161 
0.27P4 

.0869 

0.3800 
0.7914 
-1.35 

16.20 
39.716 

B-8 

PCT SPAN 

O I A  
RFTA 1' 
BFTA 2 
RETP(PR1 1 
B F T A ( P R 1  7 
v i  
v 2  
v 7  1 
v 7  7 
V-THETA 1 
V-THFTA 7 
V I P R )  1 
V I P R )  2 
V T H F T A  PR1 
VTHFTA PR7 
u 1  
u 2  

M 2  
M I P R )  1 
M ( P R )  7 
T U R N  I PR 1 
IJURAR 
0FAC 
F F F P  
E F F  
I N C I D Y  

OFVM 

n i  

FLOW GENEBATION ROTOR 

S T A T I O N  1 - 
90 

33.5R9 
35.395 
49.372 
26.579 

1.3R6 
629.59 
U01.37 
513.73 
571.81 
364.67 
6OR- 20 

573.9 
572.0 

- 756.8 
-12.6 

b21.44 
620.83 

0.7407 
0.5313 
0.4824 
25.193 
0.1298 
0.7598 
0.9908 
0.9906 
-4.86 

6.766 

n.5879 

70 

35.067 
36.977 
49.668 
28.455 

2.991 
628.38 
R14.13 
502.03 
526.92 
377.97 
620.61 

571.0 
527.6 

-272. I 
-27.5 

649.99 
648.14 
0.5817 
0.7558 
0.5286 

25.464 
0.0434 
0.2546 
1.3012 
1.3085 
-7.19 

4.951 

n . 4 8 9 ~  

S T A T I O N  7 

50 

36.545 

49.875 
31.376 

7.398 
619.97 
796.74 
489.78 
513.14 
380.75 
608.84 

577.A 
517.5 

-797.8 
-66.6 

578.54 
675.46 
0.5734 
0.7371 
0.5297 
0.4790 
73.918 
0.0347 

1.2656 
1.2720 
-7.90 

5.23R 

3 7 . 8 ~ 9  

0.2720 

30 

38.023 
37.736 
49.334 
34. A44 
12.453 
h09.90 
778.77 
485.57 
507.48 
369.0'5 
590.11 

591.7 
519.7 

-33R.0 
-117.1 
707.09 
702.78 
'0.5634 
0.71RO 
0.5466 
0.4791 
22.392 
0.0475 
0.2959 
l . l h l l  
1.1650 
-7.58 

5.833 

10 

39.501 
37.008 
50.800 
40.249 
14.248 
575.65 
780.49 
459.68 
493.30 
346.50 
604.84 

602.3 
508.9 

-389.1 
-125.3 
735.64 
730.10 
0.5300 
0.7088 
0.5545 
0.4622 
26.002 
0.0897 
0.3633 
0.7890 
0.7833 
-5.11 

3.378 
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* 

i 

I 

PCT SPAN 

O I A  
BETA 0 
BETA 1 
v o  
V I  
vz  0 
vz 1 
V-THETI  0 
V-THETA 1 
H O  
111 
TURN 
UUBAR 
OFAC 
EFFP 
I N C I O M  

OEVH 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
v 2 A  
v z  2 
V Z  2A 
V-THETA 2 
V-THETA 2A 
H 2  
H 2A 
TURN 
UUBAR 

Table  B-2. Blade Element Performance (Cont inued)  

I N L F T  GUIDE VANE 1 

STATICIN 0 - STATION 1 

90 70 50 

33.677 

34.334 
270.51 
387.56 
270.50 
320.04 

0.00 
218.59 

0.3514 
-34.33 
0.0294 
-0.043 
0.9588 ****** 

0.000 

n. 2437 

35.167 

36.626 
770.51 
386.47 

n. non 

270.50 
310.17 

0.00 
230.56 
0 .2431  
0.3504 
-36.63 

-n.o030 
n. 009 

0.9874 
7 6  - 9 0 0 1  

3h.711 

37.282 
27fl.51 

270.50 
303.62 

231.15 

0.3458 
-37.24 
0.0057 

0.079 
0.9783 

27.3001 

0. nno 

381. en 

0. no 

n. 2437 

7.766 6.274 6.418 

SLOTlBD 5TATOR 1 

STATIOW 2 - STATION 2A 

90 7 0' 50 

56 -450 
42.770 
662.01 
327.90 
365.87 
240.71 
551.72 
222.66 
0.5951 
0.2868 

57.336 58.990 
34.100 32.128 
656.70 644.R9 
423.65 440.70 
354.43 332.74 
350.81 373.2? 
552.85 552.72 
237.51 234.37 
0.5912 0.5748 
0.3731 0.3RR1 

PERCENT DESIGN SPEED = 100.00 

CORRFCTEO WEIGHT FLOW = 64.78 

CtlRRFCTFn RflTflR SPEEO = 3850.00 

m m -  

STATION 1 - ST4Tl f lN  2 

30 

38.756 
0.000 

773.51 
374.55 
'70.50 
298.22 

0.00 
276.61 
0.7437 
0.3793 
- 37.23 
0.0370 

0.051 
0.9455 

2 7.7001 

7.670 

37.230 

301 

61.368 
35.296 
623.05 
393.68 
300.95 
321.31 
551.25 
227.47 
0.5611 
0.3454 

10 

39.801 
0.  '100 

36.963 
770.51 
352.?7 
270.50 
281.43 

0.00 
211.79 
0.2437 
0.3187 
-36.96 
0.2714 

0.7453 
28.1001 

9.337 

n.110 

101 

49.300 
39.074 
607.45 
353.29 
214.96 
274.45 
568.61 
772.47 
0.53R7 
0.3097 

13.680 73.236 26.Rh2 76.077 30.277 
0.2499 0 . 0 9 ~ 5  .o.J*R~ 0.1437 0.1971 

loss p ~ m  .0769 .0357 .OS53 .0747 

OFAC 0.7121 n.5644 0.5415 0.6178 0.1,q93 
EFFP 0.6647 0.7744 0.8362 0.9170 1.0920 
I N C I O M  4.30 5.19 6.R4 9.22 17.16 

OEVM 20.63 11.96 9.99 13.16 16.49 
DIb 33.564 34.9Q2 36.420 37.844 39.276, 

PCT SPAN 

01 A 
RETA 1 
RETA 2 
BETAIPR)  1 
RFTA(PR1 2 
V I  
v 2  
v z  1 
v z  7 
V-THETA 1 
V-THFTA 2 
V ( P P )  1 
V ( P P I  7 
VTHETA P R I  
VTHETA P R 2  
u 1  
u 7  
H l  
M 2  
H l P R )  1 
Y I P R )  2 
TURN(pR)  
UUBAR 
DFAC 
EFFP 
EFF 
INCIDM 

DFVM 

90 

33.589 
34.334 
56.450 
47.251 

1.962 
387.56 
662.01 
320.04 
365.87 
218.59 
55 1.72 

471.5 
3b6. l  

-346.2 
-12.5 

564.R1 
564.25 
0.3514 
0.5951 

0.3291 
45.239 
0.1869 
0.E052 
0.8529 
0. A490 

15.81 

7.342 

n. 4275 

70 

35.017 
36.626, 
57.336 
49.268 

5.038 
386.47 
b56.70 
310.17 
354.43 
230.56 
552.85 
4'75.3 
356.3 

-3b0.2 
-36.7 

590.76 
589.08 

0.5'712 

0.3207 
43.431 
0.1593 
0.5347 
0.9407 
0.9391 

13.63 

7.798 

0.3504 

0.4309 

50 30 10 

36.545 
37.282 
58.990 
51.780 

3R1.60 
644.89 

332.24 
231.15 
557.72 

490. R 
337.8 

-7A5.h 
-61.2 

616.71 
613.91 
0.3458 

0.444R 
0.3032 
41 * 343 

10.437 

303.62 

n. 57813 

0.2044 
0.6000 

0 . ~ 9 0 3  
0.8933 

17.55 

753-1123 
37.230 
61.368 
54.347 
16.210 
374.55 
h7 8. 05 
79R.27 

726.61 
551.25 

511.9 
313.4 

-416.0 
-117.5 

642.66 
h3R. 7 4  
0.3393 
0.541 1 
0.4637 

3R.157 
0.7766 
0.6802 
0. R179 

11.95 

3130.95 

n.7sno 

0. ~07t- i  

39.501 
36.963 
69.300 
5R.360 
23. R43 
357.77 
607.85 
7R1.43 
214. 8h 
211.79 
568.61 

536.5 
234.9 

-456.R 
-95.0 

h68.60 
6h3.57 
0.31R7 
0.5387 

0.7flR7 
34.571 

0. U R 2 4  
0. h9RZ 
0. h900 

0.4454 

0.4431 

1 3 .  nn 

8.277 9.590 17.073 

B-9 
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Table  B-2. Blade Element Performance (Continued) 

PERCFYT OFSIGY 5 P E F n  = ioo.nn 

CflRRECTED WEIGHT F L n H  = 68.97 

C f l R R F C T E O  RflTOR S P E F O  = TR50.00 

I N L E T  G U I O F  VANF 1 FLOW GENERATION BOmR 

STATlLlY 1 - S T A T 1 0 4  7 STATION 0 - STATION 1 

PCT SPAN 90 70 5 0  30 

3R.256 
0. on0 

37.700 

402.72 
2R9.17 

299.17 
321.38 

0.00 
143.1R 
0.250P 
0.3651 
-37.70 
0.0290 

0.046 
0.7965 

27.7001 

7.700 

30 

5@.795 

6 3 7 . h 9  

31 4.80 
337.17 
547.65 
?33.19 
0.5676 
O.761 R 
25.7R5 
0.1317 
. .05119 

34 .5 in  

411.60 

0 . S R b C  

7.65 

17.37 
37.94s 

0.7777 

10 

39.R01 

36.090 
ZR9.17 
37R.51 
2R9.17 
307.49 

0.00 
277.77 
0 . 7 6 0 ~  
0.3431 
-3h. 99 
0.2074 
0. i n 5  

o.nm 

0.7957 
2R.1001 

8.400 

10 

67.700 

614.01 
3Q.  440 

342.R6 
236.45 
764.77 
566.4b 
717.81 
0.5455 
0.3000 
27.954 

.09135 
0.7475 

0.771s 
O . R U 6 , O  

15.15 

17.31 
79.776 

PCT SPAN 

Dl A 
BETA 1 
RFTA Z 
R E T A I P R I  1 
B E T 4 1 P R I  2 
v 1  
V ?  
V I  I 
v 2  7 
V-THFTA 1 
V-TYFTII  2 
V I P R I  1 
V ( P R )  2 
VTHETA PR1 
VTHETA PR7 
u 1  
(1  2 
M 1  
4 7  
M I P R I  1 
M I P R )  2 
TIJRN( PR I 
1JIJ9 A R  
0FAC 
EFFP 
F F F  
I N C I O M  

OFV M 

90 

33.5R9 

55.R4R 
43.Q77 

414.41 
6.53.53 

771.94 

5!+A. 79 
477.R 
772.7 

-329.3 

564.81 
564.75 
0.3765 
0.5964 

3 4 . ~ 0 0  

2.460 

34n.  70 

776.51 

-16.0 

0 .4296  
0 . ~ 5 1  
41.513 
0 . 0 ~ 4 6  
r).4756 
0.8904 
0 . ~ 7 7 7  

12.53 

7.040 

70 5 0  30 

7a.1723 
37.700 

~ i . 7 7 n  

4n9.77 

5Q.7QE 

1 5 .  946 

433.60 
32".7R 
71Q.RP 
743.1 P 
547. h5 

517.1 
371. h 

- 0 1 -  1 
649.66 
639.76 
0.3651 
0.567< 
0 . 4 6 0 ~  
n . 7 ~ 7 0  
7 5 . 7 7 s  
n . i o i n  
n.ci77.n 

- 390. C 

O.Q5h7 
0. R5?3 

R. R5 

Q. 3 7 6  

10 

? ~ . q n i  
? A .  no? 
A7.301 
5 6 . G 5 5  
7 7 . 7 w  
37R. * I  
614.01 
307.69 
73C.QS 
777.77 
Kh6.44 

*?5,7 

75'..1 
-641.3 

-07.1 
hCP.61 
6hl.67 
0 . l 4 l l  
n. 5 4 5 5  
n . 4 ~ ~ 3  
n.7775 
7 7 . 7 h Q  
n. 7 6 5 3  
fl. R 7 C 9  
0.7707 
n. 7774 

1 0.?0 

11 .'a I q 

OCA 
BETA 0 
BETA 1 
v o  
v 1  
vz 0 
v z  1 
V-THFTA 0 
V-THETA 1 
P O  
M 1  
TURN 
UUBAR 
DFAC 
EFFP 
INCIOM 

DEVM 

33.622 
0.000 

34. 900 
209.17 

340.30 
0.00 

414.41 
289.17 

236.51 
0.250R 
0.3765 
- 34. A 0  

-0.039 
0.9657 *****+ 

0.0545 

35.167 
0.000 

299.17 
412.R2 
289.17 

36. ann 

330.56 
0.00 

0.3750 

n.011 

76  .on0 1 

747.29 
0.760R 

-3h.RO 
0.0206 

0.9945 

36.711 

37. 600 
2Rq.17 
409.65 
7RQ.17 
324.56 

749.94 
0. 760R 
0.3720 
-31.60 
(1.0079 

0. no0 

0. on 

0.078 
i . n i i i  

27.3001 

35.067 3 6 . 5 4 5  

55.745 59.19u 
4b.nQR 45.404 

6.710 11.063 
4 1 2 . R 2  400.bq 
659.R4 h44.75 
730.56 394.56 
371.41 379.51 
747.74 349.91+ 

476.7 490.7 
374.0 345.Q 

-343.5 - 3 6 6 . 9  
-43.7 - 66.4  

59n.76 6 1 6 . 7 1  
5Rq.OR 613.41 
0.3750 0.3720 
0 . 5 ~ 5 0  0.5797 
0.4330 0.4444 

0.0289 0.1134 

0.9767 0.9217 
0.9756 n . 9 1 ~ 1  

i h . ~nn  3 7 . ~ 7  

545.79 547:57 

0.3772 0.3110 
79.3RR 37.471 

0.4778 0.5613 

10.46 9.?6 

A.670 q.0n.j 

7.300 6.100 6.100 

SLOTTED STATr)R 1 

STATIflN 2 - S T 4 T l n N  2A PCT SPAN 

90 70 

55.U48 55.745 
42.340 33.670 
662.53 659. R4 
343.44 420.96 
371.94 371.41 
253.86 750.34 
54R.28 545.39 
731.32 237.3P 
0.5464 0.5950 
0 . 3 0 0 ~  0.3709 
1 3 . 5 0 ~  22.075 
0.2424 0.1?79 

.07520 .04660 

.;n 

31. m n  
58.199 

644.75 
477.90 
339.51 
377.12 
547.53 

0.5742 
0.7Ph2 
76.3hR 
n. 0739 
.OB57 

231-1.09 

n. 5440 
0. 9n37 

6.05 

9.63 
3 6 - 4 2  i) 

BETA 2 
RFTA2A 
v 2  
V 2A 
v z  2 
v z  2A 
V-THFTA 7 
V-THFTA 2A 
H 2  
M 2A 
TURN 
UIJRAR 

LOSS PARAMeVR 

OFAC 
E F F P  
I N C I O M  

OEVM 
O I A  

0.6R13 O.5tR4 
O.64P0 0.7176 

3.70 3.60 

20.20 11.53 
33.564 34.992 

! 
i 
r 

c 

B- 10  



PCT SPAN 

D I A  
R E T A  '1 
R E T h  1 

v 1  

v z  1 
V-THFTA I 
V-THFTA 1 
$4 0 
M 1  
TURN 
Ul IRAR 
DFAC 
FFFP 
I N C I I I Y  

OFVM 

v n 

v 7  n 

PCT SPAN 

RETA 7 
RFTA 2A 
\I 2 
V 2A 
vz 7 
V 7  2A 
V-THLTA 7 

V-THFTA 2A 
M 2  
tJ 2A 
TURN 

Pratt & Whitney Flircraft 
PWA FR 2286 

Table  B-2. Blade Element Performance (Continued) 

PtRCFVT O E t I t N  SPEFO = 100.00 

trlRQECTF0 WFIGHT FLrlW = 74.70 

CqR9FCTF0 RflTOR ZoFFn = 1R50.00 

90 70 q-3 

75.1 A 7  

7.000 
35.79% 
. \15 .15  
447. i-h 

3 1 5 . 1 5  
1 c 1 . 5 3  

'1.01 

0.7P46 
0. 40 7h 
- 2 6 . 7 R  

259.05 

0 . 0 7 ~ 0  
0.016 

0.9h4R 
7h."001 

16.71 1 
0. O n 0  

(1.497 
1 1 5 . 1 5  
4+4. 
1 1 5 . 1 5  
351.35 

n. '1n 
7717.17 
0. 7 R L 6  
10.4n44 
-37.40 
0.0365 

0.03'3 
0.9544 

37.3001 

90 

C.5.263 
4 1  .?5h 
hh3.10 
374.11 
377.4'1 
2757.?1 
5 4 4 . s o  
'5C.17 
n.r.973 
0,7747 

13.3'16 
1111 PAP 7.2147 

U3SS PARAMETER .0667 

PFAC O.6715  

i v c i n Y  3.11 

DEVU 19 -87  
D lA  33.564 

EFFP 0.6479 

70 

5'.rl47 
31.373 
C 6 6 . r . ?  
4 5 1 .  3 3  
177.75 
77',.01 
557 .96  
-I 4 0.7 7 
7. b I t 3 4  
7 .3"Qf ,  
7 7 . f  7 4  
'1.1115 
,0408 

0.5223 
0.7093 

3.90 

11.73 
3'+.QQ? 

30 

357.756 
li.qni 
77.no5 
715.15 
473.97 
315.15 
350. q 7  

0.00 
?h5.77 
7.7446 

-37.0') 
0.0667 

0.9251 

n. 4007 

0.047 

2 7.7001 

7. R05 

30 

57.17< 
17.914 
L146.64 
477.74 
3 4  7 .  < I ?  

5 O Q .  70  
5 L 7 . 6 0  
7 5 Q . 4  1 
7 . 5 ~ 7  
0 .  47 7 

?4.417 
[I. I 5  SI 

.0230 

0.4hR1 
0.7732 

5.19 

11.78 
37.840 

B - 1 1  

PCT SPAN 

FLOW GENERATION ROTOR 

S T ' I T l l N  1 - SThTTnr\l 7 

70 

15.067 
3h.7R4 
c5.047 
'.1.000 

5.557 
447.f.b 
666.5r) 
354.53 
'177.75 
96R.06 
557.575 

4R7. f f  

-1z7.7 
- 3 6 . 7  
590.76 
.;po.r)a 
n ./+'176 
h . 6 0 3 4  
rl.6197 
1 . 3 7 Q h  
3 f> . 17 ? 
n.n?hE: 
Q.47'4 
1 . n h L 3  
1 . n t . w  

h . 3 G  

7."17 

274.n 

c.0 

16.545 
37.402 
' A . 6 2 3  
44.441 

4.775 
444.q0 
660.74 
7 5 3 . 7 5  
364.47 
771.17 
551.12 

494.4  
1 A Q . R  

-746.5 
- 6 7 . 9  

616.71 
6 1 1 . P l  
Q.4n4Q 
I. 5 9 6 0  
'1. 4 5 0 5  
I .  7741 
34. C h P  
n. 
0. 5 0 7 7  
1.1470 
1 . , l4c 1 

E.71 

7 . 6 1 5  
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Pratt & Whitney FIircraft 
PWA FR 2286 

PCT SPAN 

01 A 

BETA 1 
v o  
v 1  
vz 0 
vz 1 
V-THETA 0 
V-THETA 1 
H O  
M l  
TURN 
UUBAR 
OFAC 
EFFP 
INCIOM 

OEVM 

BETA n 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
v u  
vz 2 
V Z  2A 
V-THETA 2 
V-THETA 2A 
M 2  
M a  
TURN 
UUBAR 

WSS I P w q  

DFAC 
EFFP 
INCIOM 

DEVH 
01 A 

Table  B-2. Blade Element Performance (Cont inued)  

PFRCENT n E s r w  $PFFD = ioo.on 

CORRFCTEO HEIGHT FLOW = 01.39 

CORRFCTFr) ROTqR SPEE0 = 3850.00 

IYLFT GUIDE VANF 1 

STATION n - STATION 1 

90 701 50 

33.627 

35.011 
394. 65 
597.26 
394.64 
489.18 

342.67 

o.noo 

0.00 

0.3580 
0.55nq 
-35.01 
0.0315 
-0.094 
0.9722 
*****e 

35.167 
0.000 

36.939 
394.65 
595.10 
394.64 
475.65 

351.63 
0.3580 

-36.94 
-0.0033 

0.9966 

o.nn 

0.5488 

-0.047 

76.9noi 

36.711 

37.450 
394. 6 5  
586 .  57 
394.64 
464.42 

358.30 
0.3580 

-37.65 

-0.019 
0.9R7R 

0. non 

0. on 

n. 5405 

n. 0146 

27.3001 

7.089 5.961 6.050 

SLOlTED STAT0R 2A 

STATION 2 - STATION 2A 

9 0  

48.717 
35.771 
744.26 
541.93 
491.05 
442.45 
559.28 
312.93 
0.6818 
0.4889 
13.446 
0.1527 

.052y 

0.4100 
0.9807 
-3.43 

13.13 
33.564 

701 

49.079 
31.586 
756.33 
598.81 
495.41 
510.10 
571.50 
313.64 
O.bQ56 
0.5440 
17.493 
0.0900 

I .0335 

0.3572 
1.1334 
-3.07 

9.45 
34.992 

50 

49.178 
31,493 
738.15 
597.57 
482.54 
509.56 
558.59 
312.17 
0.6774 
0.5424 
17. 685 
0.0733 

.ozw 

0.3428 
1.1400 
-2.97 

9.35 
36.470 

30 

38.256 

37.291 
394.65 
575.95 
394.64 
459.21 

145.94 

0.5302 
-37.29 

n. on0 

0.00 

0.358n 

0. 0484 
0. no0 

27. inn1 
0.9553 

7.609 

301 

48.929 

719.20 

504.59 

37.039 

595.26 
471.85 

541.44 
315.78 
0. 6566 
0.5383 
16.899 

.0216J 
0.0540 

0.32 OR 

-3.22 
1.0278 

9.90 
31.848 

10 

39.801 

3 6 . R l 6  
394.65 
546.61 
394.64 
437.60 

0.00 
327.55 

0.5017 
-36. R2 

o.mo 

0.35130 

0.7239 
0.053 

n.8066 
2 8 .  In01  

8.484 

101 

4a.894 
35.647 
695.54 
547.18 
457.11 
440.61 
574.04 
115.94 
O.h375 
0.4469 
13.746 
0.1556 

.0616 

0.3489 

-1.76 
0.8005 

i 3 . m  
39.276 

B-14 

PCT SPAN 

O I A  
BETA 1 
BET4 2 
BETAIPRI 1 
BETA(P8) 7 
v 1  
v 2  
v7 1 
V Z  2 
V-TWETA 1 
V-THFT4 2 
V fPR l  V ( p R I  7 1 

VTHETA PR1 
VTHFTA PR? 
II 1 
U ?  
M 1  
M 2  
MfPRl 1 
MfPRl 2 
TIJRNI PR I 
IJUBAR 
V A C  
EFFP 
EFF 
INCIOM 

OEVY 

mw Gm4ER4TIOH Borne 

STATIVN 1 - STATTON 2 

90 

33.589 
35.011 
48.717 
74.424 

597.26 
744.26 
489.19 

347.67 
559. 28 

537.3 
491.1 

-222.1 
-5.0 

564.81 
564.75 

O.6818 
0.4056 
0.4499 
23.P44 
0.1280 
0.2469 

0.7395 
-7.02 

5.960 

n.5130 

491.05 

n . 5 5 0 ~  

0.7437 

70 

35.nn7 

49.079 
36.4130 

76.111 
7.033 

595.10 
756.31 
475.65 
4qC.41 
357.63 
571.50 

529.7 
495.7 

-233.1 
-17.6 

5R9.OA 
0.5488 

0.4995 

24.078 
0.0198 
0.2339 
0.9853 

-9.53 

1.993 

590.76 

0.6956 

n ,4559 

0.9850 

50 

36.545 

49.178 

6.541 
5 Q 6 . 5 7  
731.15 
464.47 
4Q7.54 

5513.59 
531.5 
4R5.7 

-2513.4 
- 55.1 

616.71 
613.91 

37.650 

29.092 

359.m 

n. 5405 
n. 6774 
0.41307 

0.0091 

n. 9 ~ 4 4  
n . 9 ~ 4 1  

0.4157 
77.551 

0.7529 

- 10 .14  

4 . 3 8 1  

30 

3p.r-123 
37.791 
4R. 92 9 
37. 660 
11.657 
575.95 

454.71 
4 7 1 . R 5  
748.94 
541.44 
544.7 
481. 8 

-293.7 
-91.3 

647. hf? 
674.74 

7iR.zn 

n.5307 
n.9566 
n. 5n i  n 
0.4404 
71.009 
0. n779 
n.2795 
n.90~4 
0.9067 

5. n32 

-9.76 

10 

39.501 
76.415 
4 a .  q P 9  
37.n17 
1 h . 1 ~ 7  
5 4 6 . 6 1  
6 0 5 . 5 4  
437.69 
457.13  
377.55 
574.04 

5c4.9  
4 7 8 . 1  

- 3 4 1 . 1  
- 1 19.5 
66 A. 60 
66-4. E7 
0.5n17 
0.6775 
n.5no3 

70.065 
n. 07.53 

0.434Q 

0.3117 
0. A 5  e3 
0.8554 
-7.43 

6 .  097 



Pratt &Whitney Qircraft 
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u1 

PCT SPAN 

D I P  
BFTA 0 
RETA 1 
v 0  
V I  

v z  1 
V-THFT4  fl 
V-THET9 1 
H O  
M l  
TURN 
UUBAR 
OFAC 
E F F P  
I N C I O M  

DEVM 

VI n 

PCT SPAN 

R E T 4  2 
BETA 2A 
v 2  
V 2A 
vz 2 
VZ 2A 
V- THETA 2 
V- THFTA 2A 
H 2  
M 2A 
TURN 
UURAY 

LOSS PARAMETER 

DFAC 
E F F P  
INCIDM 

L E V Y  

Table B- 2.  Blade Element Performance (Continued)- 

PERCF'UT DCSIGI? 5 P F r O  = 89.q2 

CORRECTFO RCIGHT FLOW = 60.48 

LPRRFCTFI)  ROTOQ SPEED = 3462.00 

I N L F T  *GtJI0r V A N T  1 

S T 4 T I 0 " I  e )  - S T A T I U N  1 

90 70 50 30 10 

37.627 
0.00f-l 

34.780 
751.40 

251.60 

n.on 

356.'l2 

294.1R 

200.57 
0.2265 
fl.3772 
-34 .28  
fl.0010 

l.O?flf. ****** 
-0.037 

3-7. lh7 
'1.099 

35.780 
?51.6O 
355.46 
351.60 
77h.55 

210.34 
0. 7265 
0.371 7 
-36.28 

1.016 
1.6525 

26.9001 

i1.m 

-0.0339 

36.712 
0.093 

3 7.06iJ 
251.6'3 
350.1Y 
251.60 
270.45 

o.00 
211.04 
0.7265 
0.3169 
-37.06 

0.040 
1.0324 

77. T O O  1 

-n.oi io 

38.75h 
0.000 

36.870 
251.00 
343.96 
251.60 
275.17 

3 . 0 0 
206.38 
0.2265 
0.3111 
-36.07 
0.0194 

0. 115'4 
0.3YY8 

27.7001 

39.R01 

36.630 
751.60 
323.57 
751.60 
759.66 

197.98 
0.2765 
0.2927 
-36.67 
0.7016 

0.llR 
0.7903 

38.1001 

0.000 

n.on 

7.820 6.620 6,640 8.030 8.680 

SLOTTBD STATOR 1 

S T A T I O Y  3 - S T A T I O N  2A 

90 70 50 30 10 

56.660 
42.7R0 
595.49 
305.35 
327.79 
224. I ?  
497.49 
207.39 
0.5343 
fl.2688 
i 3 . w n  
n.2180 

.0672 

54.h70 
N. 7 3 0  
592.33 
379.07 
3 75.4 1 
313.37 
444.642 
217.71 
0.5316 
q.3353 
27.440 
O.fl938 

.0336 

5H.830 
17.230 

393.40 

332.78 
501.30 
209.81 

0.3480 

5 ~ 5 .  as 

303.24 

0.5248 

26.600 
n.0701 

.0270 

61.100 
34.560 
572.10 
372.95 
276.48 
307.14 
503.85 
211.56 
0.5109 
0.3292 
26.540 
0.1065 

.0414 

69.270 

54R.68 
32R.39 
194.21 
258.81 
513.16 
702.13 

37.990 

0.4862 
0 . 7 ~ ~ 4  
31.7nfl 
0. lhO6 

.Ob16 

0.6905 fl.5675 0.5552 0.5RBl 0.6817 

4.51 4.52 6.6R 8.95 17.12 

20.64 12-09 10.09 12.42 15.R5 

0.7890 0.9611 1.0439 1.~1526 2 . n 7 ~ 3  

O I A  33.564 3Q.907 36.470 37.848 39.276 

B- 15 

a O W  GENERATION ROTOR 

S T A T I n N  1 - S r A T I O N  2 

PCT SPAN 90 70 50 30 10 

D I  A 
SFTA  1 
RETA 2 
B E T A I P R )  1 
S F T A I P R I  2 
V l  
v 2  
vz 1 
V I  ? 
V- THETA 1 
V-TPETA 2 
V ( P R l  1 
V l P R l  2 
VTHETA P R 1  
VTHETA PR2  
!J 1 
U ?  
M 1  
M 2  
M I P R I  1 
M ( P R I  2 
T U R N I P R I  
UUBAR 
OFAC 
E F F P  
E F F  
I N C I D M  

33.5R9 
34.280 
56.660 
46.256 

1.733 
356.02 
595.49 
294.18 
327.29 
200.52 
497.49 

425.5 
327.4 

-307.4 
-9.9 

507.89 
507.39 
0.3222 
0.5343 

0.2938 
44.574 
0.1897 
0.5087 
0.7974 
0.7932 

14.87 

n.3851 

35.067 
34.280 
56.670 
48.23h 

6.121 
355.46 
592.23 
286.55 
325.41 
210.34 
494.82 

430.2 
327.3 

-320.9 
-34.9 

511.23 
529.72 
0.3217 
0.5316 
0.3994 
0.2938 
42.115 
0.1373 
0.51 65 
0.8508 
0.8475 

12.60 

36.545 
37.060 
58.830 
50. R77 

9.499 
350.19 
585.8A 
279 -45 
303.24 
211.04 
501.30 

442.8 
307.5 

-343.5 
-50.7 

554.56 
552.04 
0.3168 
0.524R 
0.4007 
0.2754 
41.372 

0.5941 
0 .8398  
0.8250 

11-64 

0 . 1 ~ 9 6  

38.023 

61.100 
53.474 
14.891 
343.96 

275.17 
776.48 
706.38 
500.85 
46?.3 
286.1 

-371.5 
-73.5 

577.89 
574.37 
0.3111 
0.5109 
0.4182 
0.2555 
-38.583 
0.2624 
0.6749 
0.7771 
0.7721 

11.05 

3 6 . ~ 7 0  

577.10 

39.501 
36.620 
69.270 
57.542 
23.273 
323.52 
548.68 
259.66 
194.21 
192.98 
513.16 

483.8 
211.4 

-408.2 
-83.5 

601.22 
596.70 
0.2923 
0.4862 
0.4371 
0.1873 
34.269 
0.4370 
0.8817 
0.6448 
0.6370 

12.18 

DEVM 7.113 8.081 7.339 8.271 12.403 
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Table  B-2. Blade Element Performance (Continued) 

PERCENT DESIGN SPEED = 89.97 

CORRECTED WEIGHT FLOW = 60.71 

CORRECTED ROTOR SPEED = 3464.00 

INLET GUIOE VANE 1 FLOW GEHERATIOH RO'KlR 

STATIDN 0 - STATION 1 STATION 1 - STATION 2 

PCT SPAN 90 70 50 30 10 FCT SPAN 90 70 5 0  30 10 

DIA 
BETA 0 
BETA L 
v o  
V I  
v z  0 
vz 1 
V-THETA 0 
V-THETA 1 
M O  
H 1  
TURN 
UUBAR 
OFAC 
EFFP 
INC IDH 

DEVM 

PCT SPAN 

BETA 2 
BETA 2A 
v z  
V 2A 
vz  2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2A 
TURN 
UURAR 

LOSS PARAMETeR 

33.622 
0.000 

34.395 
252.58 
356.00 
252.58 
293.15 

0.00 

0.2274 
0.3222 
-34.39 

-0.031 
0.9710 $**+** 

201.10 

0.0500 

35.167 
0.000 

36.154 
252.58 
356.77 

288.07 
0.00 

210.48 
0.2274 
0.3229 
-36.15 
0.0038 

0.015 
1.0149 

26.9001 

252.58 

36.712 

37.159 
252.58 
351-69 
252.58 
280.28 

0.00 
212.43 
0.2274 

-37.16 
0.075l! 

0.040 
0.9940 

27.3001 

0. on0 

0 . 3 1 ~ 7  

7.705 6.746 6.541 

SLOTTED STAT0K 1 

STATION 2 - STATION 2A 

90 70 50 

56.603 
42.716 
593.51 
317.48 
326.09 
233.76 
495.51 
215.37 
0.5324 
0.2794 
13.887 
0.2124 
.0655 

57.422 58 .832  
34.124 31.945 
593.86 583.913 
385.95 399.50 
319.76 302.74 
319.50 339.37 
500.42 499.6Y 
2L6.51 210.71 
0.5330 0.5227 
0.3412 0.3535 
23.298 26.9R7 
0.1019 0.0b45 
.0369 .0249 

38.756 
0.000 

37.060 
252.58 
345.14 
252.58 
275.42 

0 -00 
2C8.90 
0.?274 
0.3122 
-37.06 
0.059b 

0.9573 
27.7001 

7.840 

0.061 

30 

61.194 

569.23 
368.77 
274.23 
303.91 
498.79 

0.5079 
0.3251 
26.70h 

.0453 

34.488 

208.78 

0.1213 

39.801 
0.000 

37.039 
252.58 
375.12 
252.58 
259.57 

195.84 
0.00 

0.2274 
0.2938 
-37.04 
O.238h 

0.121 
0.7589 

28.1001 

8.761 

10 

70.200 
37.723 
550.69 
336.04 
196.54 
265.80 
518.13 
205.61 
0.48 R Y  
9.2956 
32.477 
0.1667 
.0643 

DFAC 0.6621 0.5587 0.5412 0.5941 0.6699 
EFFP 0.7tOh C.9001 1.0513 0.9941 1.20'?5 
INCIDM 4.45 5.27 6 - 6 8  9.04 18.05 

DEW 20.53 11.98 9.71 12.35 15.59 
DIA 33.564 34-99? 3 6 . 4 1 9  37.844 39.775 

B-16 

D I A  
SETA 1 
BETa 7 
RETAIPRI 1 
SETAIPRI 2 
V I  
v 2  
VL 1 
vz  2 
V-THFTA 1 
V-THETA 2 
V I D K I  1 
VIPRI 2 
VTHETA PK1 
VTHFTA P R Z  
u 1  
IJ 2 
9 1  
M ?  
MIPKI 1 
M(P,K) 2 
TIJRNIPRI 
IJIJHAR 
DFAC 

EFf 
I N C I D Y  

OEVM 

FFF? 

33.589 
34.395 
56.603 
4b.271 

2.134 
356.00 
593.51 
293.75 
32h.69 
701.10 
495.51 

425.0 
376.9 

-307.1 
-12.2 

5 0 R . 1 9  
507.68 
0.3772 
3.5124 
(1.3846 
0.7932 
44.137 
0.1736 
0.50h9 
0.7952 
9.7909 
14.43 

7.514 

35.067 
36.154 
57.422 
48.099 

5.288 
356.77 
593.86 
288.07 
319.76 
210.48 
500.42 

431.3 

-371.1 
-79.6 

531.53 
530.07 
0.3?29 
0.5370 
0.3904 
0.7387 
42.91 1 
0. 15114 
0.5373 
0.9491 
0.H45H 

12.46 

7.749 

371.1 

36.545 
37.159 
58. 832 
50.701 

9.886 
351.69 
583.98 
280.28 
302.24 
212.43 
499.69 

442.5 
306. 8 

-342.4 
-52.7 

55?. 36 
9.3182 
0.5227 
0.4004 
0.7746 
40.R14 
0.1793 
0.5724 
'I,Sr)b8 
3 .  fl023 
11.47 

7 . 7 2 b  

554.88 

38.023 
37.060 
61.194 
53.353 
15.470 
345.14 
569.23 
275.42 
274.28 
208.00 
498.79 

461.4 
284.6 

-370.2 
-75.9 

578.22 
574.70 
0.3122 
0.507Y 
0.4174 
0.253s 
37.6H3 
0.2543 
0.67 38 
0.7545 
0.7491 

1iJ.93 

8.950 

39.501 
37.039 
70.200 
57.396 
22.930 
325.12 
550.68 
259.52 
186.54 
195.84 
518.13 

481.6 

-405.7 
-7R.9 

601.57 
597.04 
0.2938 
D.4RR9 
0.4357 
0.1798 
34.465 
0.4384 
0.9016 
0.6fl8J 
O . h 9 1 Y  

12.04 

12.060 

2 0 2 . 5  
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PCT SPAN 

D I A  
BETA 0 
BETA 1 
v o  
v 1  
vz 0 
VZ I 
V-THET4 0 
V-THFTA 1 
M O  
M l  
TURN 
UUBAR 
DFAC 
E F F P  
I N C I O M  

DEVM 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2 A  
TURN 
Ull84R 

LOSS P_APAETER 

DFAC 
E F F P  
I N C I O M  

Table  B-2. Blade Element Performance (Continued) 

PERCFNT DFSIGN ZPEED = 89.12 

I N L E T  GlJlOF VANE 1 

STATION 0 - STATIOM 1 

90 

33.627 

34.718 
?83.16 
412.18 
783.16 

n.mn 

338.90 
0.00 

234.75 
0.2553 
0.3744 

0.0369 
-0.055 

+*++*+ 
7.382 

-34 .72  

0.9819 

70 

35.167 

36.561 
783.16 
410.88 
283.16 
330.03 

244.75 

0.3732 
-36.56 

-0.0000 
-0.008 

Lh.9001 

6.339 

0.000 

0.00 

0.7553 

1.0133 

50 

36.712 
0.000 
37.135 
283.18 
404.73 
283.16 
322.30 
0.00 

243.97 
0.2553 
0.3670 
-37.12 
0.0700 
0.016 
n.9957 

77.3001 

6.575 

SLOTTED STATOR 1 

STATIOY 2 - STATION 2A 

90 

55.364 
41.165 
595.82 
342.28 
338.64 
257.67 
490.23 
225.30 
0.5359 
0.3025 
14.199 

?0633 
n.2003 

0.6111 
0.7756 

3.21 

19.03 
33.564 

70 

56.059 
33.150 
599.17 
410.01 
334.54 
343.27 
497.08 
224.20 
0.5394 
0.3641 
72.909 

.0347 
n. 0946 

0.5145 
0.9722 

3.91 

11.01 
34.992 

50 

56.988 
31.982 
594.08 
431.07 
323.66 
365.64 
498.17 
228.32 
0.5340 
0.3832 
25.006 
0.0570 

.0220 

n.4814 
1 .07no 
4.84 

9.84 
36.420 

CnRRECTFn WEIGHT FLOW = 67.62 

CDRRFCTFr) ROTPR SPFEO 3431.00 

PLOW GENERATION ROTOR 

S T I T I O N  1 - S T A T I O N  2 

30 

38.256 
0.000 
36.744 
283.18 

283.16 
318.02 

0.00 
237.42 
0.2553 
0.3601 
-36.74 
0.0461 
0.034 
0.9705 

27.7001 

8.156 

396.87 

30 

56.951 
32.791 
582.45 
429.14 
317.64 
360.75 
488.21 
232.41 
0.5224 
0.3809 
24.160 
0.0565 

.0224 

0.4718 
1.0469 
4-80 

10.65 
37.848 

10 

39.801 

36.4h9 
283.15 
375.21 
283.16 
301.73 
0.00 

223.02 
0.2553 

-36.47 
0.2119 

0.8014 
28.1001 

8.831 

n.om 

0.3400 

0.089 

10 

60.083 
38.291 
562.46 
381.09 
280.53 
199.11 
487.51 
736.15 
0.5018 
0.3373 
21.792 
0.1457 

.OS58 

0.5434 
1.2827 
7.93 

16.15 
39 -276- 

E T  SPAN 

01 A 
BETA 1 
BETA 2 
B E T A I P R )  1 
B E T A I P R )  2 
V I  
v 2  
V I  1 
v z  2 
V-THFTA 1 
V-THETA 7 
V I P R I  1 
V I P R )  I 
VTHFTA P R 1  
VTHETA PR2 
u 1  
u 2  
M 1  
4 2  
W I P R I  1 
Y t P R )  2 
TURN( P R I  
UURAR 
DFAC 
E F F P  
E F F  
I N C I O M  

DEVW 

90 

33.589 
34.718 
55.364 
38.407 
2.133 

412.18 
595.82 
338.80 
338.64 
234.75 
490.23 
432.3 

-268.6 
-12.6 
503.34 
502.85 
0.3744 
0.5359 

0.3048 
36.274 
0.0439 
0.4518 

O.Bl18 
6.97 

7.513 

338.9 

0.3927 

0.8154 

70 50 30 10 

35.067 
36.561 
56.059 
40.485 
4.766 

4 1 0 . ~ 8  
599.17 
330 - 0 3  

36.545 
37.125 
56.98R 

8.597 
404.23 

372.30 

43.478 

594.08 

38,023 
36.744 
56.951 
46.514 
14.309 
396.87 
582.45 
?ie.n? 

39.501 
36.469 
60.083 
51.016 
20.313 

562.46 
301.73 

375.21 

334.54 323.66 317.64 280.53 

497.09 498.17 488.21 487.51 
433.9 444.7 462.1 479.6 

244.75 243.97 237.42 223.02 

335.7 
-281.7 
-27.9 
526.47 
524.97 
0.3732 
0.5394 
0.3941 
0.3022 
35.718 

-0.0070 

0.8968 
0.8946 
4.84 

0.4703 

327.3 
-305.6 
-48.9 

549.59 
547.10 

0.5340 
0.4032 
0.2942 
34.882 
0.0053 
0.5152 
0.8943 
0.8920 

4.25 

0.3670 

327.8 
-335.3 

-81.0 
572.72 
569.23 
0.3601 
0.5224 
0.4193 
0.2940 
32.205 
0.0245 
0.5414 
0.8712 

4.09 
0.8683 

299.1 
-372.8 
-103.8 
595.84 
591.35 
0.3400 
0.5018 
0.4346 
0.2668 
30.703 
0.1254 
0.6429 
0.7794 
0.7744 

5.66 

6.726 6.437 7.689 9.443 

B-17 



PCT SPAN 

DIA  
BETA 0 
BETA 1 
v o  
v 1  
vz 0 
vz 1 
V-THFTA 0 
V-THFTA 1 
n o  
M 1  
TURN 
UUBAR 
DFAC 
EFFP 
INCIOM 

DEVM 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
VZ  2A 
V-THETA 2 
V-THFTA 2A 
M 2  
M 2A 
TURN 
UURAR 

LOSS I PARAWTER 

DFAC 
EFFP 
INCIDM 

OEVU 
O I A  

Pratt & Whitney Flircraft 
PWA FR 2286 

Table  B-2. Blade Element Performance (Continued) 

PFRCEYT D E S I G N  SPFED = 88.05 

CnRRFtTED WEIGHT FLOW = 72.88 

CnRPECTED ROTOR SPEED = 3390.00 

INLFT GUIOF VANF 1 

STATXnN - STATION 1 

90 70 50 

33-62? 

34.796 
706.85 
449.75 
306.85 
368.51 

0.QO 
256.08 
0.7770 

-34.80 
0.0144 
-0.059 

****a* 

n.mo 

0 . 4 0 ~ 7  

0.9999 

35.167 

36.750 
306.  85 
447.47 
3'16.85 
35R.50 

0.00 
267.70 
0.2770 
0.4074 
-36.75 

-0.0723 
-0,010 
1.0306 

26.900 1 

o. nno 
36.712 

37.287 
30h.85 
441.08 
306.85 
350.93 

267.21 
0.2770 
0.4015 
-37.29 

-0.0002 
0.011 

1.0201 
27.3001 

o.nno 

n. no 

7.304 6.150 6.413 

SLOTTED STATOR 1 

STATION 2 - STATION 2A 

90 

53.204 
39.686 
618.72 
372.14 
370.59 
286.38 
495.45 
237.64 
0.5587 
0.3305 
13.518 
0.2068 

.0668 

0.5724 
0.8155 

1.05 

17-55 
33.564 

70 

53.709 
32.406 
623.85 
441.27 
369.25 
372.51 
502.84 
23h.46 
0.5641 
0.3937 
71.303 
0.1OL5 

.0375 

0.4792 
0.9633 

1-56  

10.27 
34.992 

50 

54.796 
31.696 
613.67 
458.28 
353.71 
389.93 
501.43 
240.79 
0.5541 
0.4093 

0.0582 
,0225 

73.100 

0.4468 
1.0697 

2.65 

9.56 
36.4?0 

30 

38.256 
0.000 

36.873 
306.85 
433.44 
306.85 
346.74 

0.00 
260.08 
0.2770 
0.3943 
-36.87 
0.0157 

0.028 
0.9974 

27.7001 

8.027 

30 

55.335 
32.568 
605.35 
458.35 
344.31 

497.90 
246.73 
0.5456 
0.4086 
22.767 
0.0647 

.0257 

386.28 

0.4430 
0.9909 

3.19 

10.43 
37.848 

10 

39.801 

36.489 
306.85 
408.03 
306.85 
328.05 

0.00 
242.65 
0.2770 

-36.49 
0.2033 

0.086 
0.8095 

28.1001 

8.811 

0.000 

0.3705 

10 

57.599 
40.605 
584.41 
410.59 
313.15 
310.79 
493.43 
268.31 
0.5745 
0.3649 
16.794 
0.1541 

.0568 

0.4881 
0.9971 

5.45 

18.66 
39.716 
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PCT SPAN 

DIA 
BETA 1 
BFTA 2 
BFTAIPR) 1 
RFTAIPRI 2 
v 1  
v 2  
vz 1 
vz 7 
V-THETA 1 
V-THETA 2 
VlPRI  1 
V(PR1 7 
VTHFTA PR1 
VTHFTA PR2 
u 1  
u z  
Y 1  
M 2  
M(PRl 1 
M(PR) 2 
TURN( PRI 
IJUBAR 
DFAC 
EFFP 
EFF 
INClOY 

DEVM 

FLOW G E ~ R A T I O N  ROTOR 

STATION 1 - STATION 2 

90 

33.589 
34.796 
53.204 
33.211 

0.214 
448.75 
618.72 
368.51 
370.59 
256.08 
495.45 

440.5 
370.6 

- 241 - 2  
-1.4 

497.33 
496.84 
0.4087 
0.5587 
0.4011 
0.3347 
32.997 
0.0093 
0.3753 
0.8308 
0.8276 

1.77 

5.594 

70 

35.067 
36.750 
53.709 
35.155 

2.460 
447.42 
623.85 
358.50 
369.25 
267.70 
502.84 

369.6 
-252.5 
-15.9 

520.18 
518.70 
0.4074 
0.5641 
0.3993 
0.3342 
32.695 

-0.0660 
0.3821 
0.9363 
0.9350 
-0.48 

4.420 

438.5 

50 

36.545 
37.287 
54.796 
38.165 

6.311 
441.08 
613.67 
350.93 
353.77 
267.21 
501  -43 

446.3 
355.9 

-275.8 
-39.1 

543.07 
540.56 
0.4015 
0.5541 
0.4062 
0.3214 
31.854 

-0.0402 
0.4339 
0.9375 
0.9362 
-1.06 

4.151 

30 

38.023 
36.873 
55.335 
41.409 
10.614 
433.44 
605.35 
346.74 
344.31 
260.08 
497.90 

462.3 
350.3 

-305.8 
-64.5 

565.87 
562.42 
0.3943 
0.5456 
0.4705 
0.3157 
30.795 

-0.0063 
0.4801 
0.9280 
0- 9265 
-1.01 

3.994 

10 

39.501 
36.489 
57.599 
46.532 
16.179 
408.03 
584.41 
328.05 
313.15 
242.65 
493.43 

416.8 
326.1 

-346.1 
-90.9 

588.72 
584.29 
0.3705 
0.5245 
0.4330 
0.2926 
30.353 
0.0767 
0.5705 
0.0725 
0.0697 

1.17 

5.309 
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Table  B- 2. Blade Element Performance (Continued) 

PERCENT DESIGN SPFFD = 88.23 

CORRECTED WFIGHT FLOW = 83.43 

CORRECTEO ROTOR SPEED = 3397.00 

I N L F T  GtJIOE VANE 1 

STATION - STATION 1 STATION 1 - STATI f lN 2 . j .  

I 

t PCT SPAN 90 70 50 30 

38.256 
0.000 

355.93 
514.00 
355.93 
410.05 

0.00 
309.93 
0.322 1 
0.4705 
-37.08 
0.3255 

0.008 

27. IO01 

7.817 

37.0~3 

0.9~65 

30 

49.080 
31.980 
b46.67 
529.71 
421.57 
449.32 
488.64 
280.55 

0."+781 
17.100 
0.0627 

* 0251 

0.58~1 

0.3340 
1.LU36 
-3.07 

9.34 
37.848 

10 

39.801 

36.509 
355.93 

355.93 
397.60 

791.75 
0.3271 

-36.51 

0.055 
0.8775 
28.1001 

8.791 

n.ono 

489.717 

o.00 

0.4474 

n.7070 

10 

49.45') 

675.00 
481.29 
406.3% 
398. R 0  

269.6') 

0.4371 
15.39r) 
0.156') 

. w 3 4  

t4.06n 

4 7 4 . ~  

0.5661 

0.3075 
0.91Pr) 
-7.7') 

11.q7 
19.776 

PCT SPAN 

D I A  
BETA 1 

70 

35.067 
36.959 
48.790 
26.227 
1.030 

523.92 
680.20 
418.65 
448.13 
315.01 
511.72 
466.7 
448.7 
-706.2 

-8.1 
521.25 
519.77 
0.4800 
0.6208 
0.4276 
0.4091 
25.197 
0.0116 
0.2167 
0.8614 
0.8592 
-9.41 

2.990 

30 

38.023 
77.083 
49.080 
32.089 
10.034 
514.00 
646.67 
410.05 
423.57 
309.93 
488.64 

484.0 
430.2 
-257.1 
-74.9 
567.04 
563.58 
0.4705 
0.5881 
0.4431 

22.055 
0.0746 

0.8465 
0.8441 
-10.33 

3.414 

n.3912 

0.2829 

10 

39.501 
36.509 
49.450 
37.184 
15.227 
489.70 
625.00 
393.60 
406.32 
291.35 
474.90 
494.0 
421.1 
-298.6 
-110.6 
589.93 
585.49 
0.4474 
0.5661 
0.4514 
0.3814 
21.957 
0.0369 
0.3288 
0.8176 
0.8145 
-8.18 

4.357 

90 

33.589 
34.981 
48.760 
24.848 
-1.099 
523.09 
673.41 
428.59 
443.92 
299.89 
506.38 
472.3 
444.0 
-198.5 

8.5 
498.36 
491.86 
0 -4792 
0.6135 
0.4377 
0.4045 
25.946 

0.2343 
0.7141 
0.7101 
-6.59 

4.281 

0.1280 

5 0  

36.545 
37.442 
49.170 
28.937 
5.553 
519.76 
660.41 
412.67 
431.79 
315.99 
499.70 
471.5 
433.8 
-728.2 
-42.0 
544.15 
541.68 
0.4761 
0.6016 
0.4319 
0.3952 
23.384 
0.0241 
0.2523 
0.8391 
0.8367 
-10.29 

3.393 

73.627 

34.981 
355.93 
523.00 
155.97 
428.59 

o.on 
799.49 

n.nno 

n. 3721 
0.4792 

n.0157 

n.9957 

-34.9R 

-0 .Oh3 

****+e 

35.167 

76.Q59 
355.93 
523.92 
356.93 
418.65 

0.00 
315.01 
0.3271 
0.4400 
-36.96 
-9,0147 
-0.OlR 

a.nno 

1.02n0 
26.9nni 

36.717 

37.442 
355.93 
519.76, 
355.93 
412.67 

315.90 
0.3221 
0.4761 
-37.44 
-0.0070 

o .om 

n.00 

-0.0~4 
I .  0097' 

27.3001 

D I A  

BETA 1 
v o  
V I  

B E T A  n 

VI n 

BETA 2 
B F T A I P 9 1  1 
B E T A I P R I  2 
V I  
V ?  
vz  1 
v z  2 
V-THTTA 1 
V-THFTA 2 
V ( P R )  1 
V I P R J  2 
VTHETA P R 1  
VTHETA PR7 
u 1  
u 2  
M 1  
M Z  
M ( P R I  1 
YlPRl 2 
TLJRN ( PR J 
Ul lBbR 
DFAC 
EFFP 
EFF 
I N C I O M  

OFVM 

v z  1 
V-THFTA 0 
V-THFTA 1 
M O  
M I  
TURN 
UUBAR 
DFAC 
EFFP 
I N C I D Y  

DEVM i 7.119 5.941 6.75r1 

SLOTTED STATrlR 1 

STATIOY 7 - STATION 2A 

90 

48.760 
34.0'30 
673.41 
487.66 
443.92 
404.29 
506.3Q 

0.6135 
772.70 

0.4396 
14.760 

70 

45.790 
30 .  R 7 O  

535.70 
4463.13 

511.72 
774.46 
0.h70R 

17.970 
0.0904 

.0340 

6~10.70 

4617.05 

n . 4 ~ 4  

n. 7648 
1.5088 
-3.36 

8 . h 8  
7's * Q97 

5 0 

49.170 

660.41 
535.13 
431.79 
459.80 
499. 70 
273.77 

n.4a44 
lR.490 
0.0595 

.0233 

30.770 

0.5016 

0.7455 
1.5905 
-7.98 

4.63 
3 6 . 4 7 0  

, PCT SPAN 

BETA 7 
RETA 2A 
v 2  
V 2A 
vz  2 
VZ 2A 
V-THETA 7 
V-THFTA 2A 
M 2  
M 2 A  
TIIRF! 
UUBAR n. 1607 
LOSS PARAMETER .0559 

DFAC 0.4707 
EFFP 1.1342 
I N C  I O M  -3.39 

OEVQ 11.46 
D I A  33.564 

I 

. .,.i 
1 

i 
i 
d 

B-19 
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* a  
i 

I 

I 

I 

a i  

. . 'I 

1 

I 

i 

PCT SPAN 

D I A  
BETA 0 
BETA 1 
v o  
V L  
vz 0 
vz 1 
V-THETA 0 
V-THETA 1 
M O  
M 1  
TURN 
UU84R 
OFAC 
EFFP 
INCIOM 

DEVM 

PCT SPAN 

BETA 7 
BETA 2A 
v 2  
v 2 A  
vz 2 
VZ 2A 
V-THETA 7 
V-THETA 2A 
n 2  

2A 
TURN 
UUBAR 

Table  B-2. Blade Element Performance (Continued) 

PFRCENT OFSIGN SPFEO = 88.49 

CORRECTFO WEIGHT FLOW = 78.42 

CORRECTED RflTOR SPEEO = 3407.00 

INLET GUl0F VAWE 1 

STATION 0 - STATION 1 

90 70 50 30 

73.627 

34.952 
332.34 
488.16 
332.34 
400.06 

779.73 
0.3094 
0.4459 
-34.96 
0.0151 
-0.062 
0. 99b3 ***+** 

n.mn 

0.00 

35.167 

'36.ROR 
337.34 
486.53 
332.34 
389.53 

291.49 
0.3004 
0.4444 
-36.81 

-3.014 
1.0255 

76.9001 

0.000 

0.00 

-0.11191 

36.712 

37.445 
332.34 
478.73 
332.34 

0.000 

380.n8 
n.no 

291.07 
0.3004 
0.4370 
-37.44 
0.0034 

0.010 
1.00b9 

27.3001 

38.256 
0.000 

37.099 
332.34 
470.43 
332.34 
375.21 

0.00 
283.76 
0.3004 
0.4291 
-37.10 
0.0292 

0.028 
0.9833 

27.7001 

7.13R 6.092 6.255 7.801 

SLOTTED 5TATI)R 1 

STATIOY 2 - STATION 2A 

90 70 50 30 

5 1  .?4h 
36.699 
647.78 
415.07 
405.50 

505.17 
248.05 
0.5873 
0.370R 
14.547 
0.1975 

337.80 

51.667 
31.607 
650.00 
478.67 
4Q3.15 
407.66 
509.87 
2 5 n . ~ 7  
0.5900 

0.nq16 

0.4296 
20.060 

52.426 
31.176 
637.38 
4R9.57 
38R.66 
41R.87 
505.16 
253.44 
0.5174 
0.4395 
21.250 
0.0550 

52.297 
32.181 
627.51 
485.86 
383.17 
411.21 
496.48 
25R.76 
0.5677 
0.4352 
20.116 
0.0684 

10 

39.801 
0.000 

36.4P1 
332.34 
443.46 
332.34 
356.57 
0.00 

263.66 
0.3004 

-36.48 
0.2142 

0.083 
0.8023 

7R.1001 

8.819 

0.4077 

10 

53.600 
36.809 
591.89 
439.77 
351.24 
352.10 
416.41 
263.49 
0.5331 
0.3977 
15.791 
0.1019 

LOSS PARAwT&R .0665 ,0341 .0214 .0273 . a 2 1  

STATION 1 - STATION 2 

DFAC 0.5249 0.4376 0.4120 0.4058 0.4351 

INCIOM -0.90 -0.4R 0.28 0.15 1.45 

own  14-56 9.47 9.04 10.04 14.h7 
D I A  33.564 34.992 36.490 37.848 39.276 

EFFP 0.9338 1.1261 1.2950 1.0736 1 . 1 2 ~ 1  

B-20 

PCT SPAN 90 70 5 0  

D I A  
SETA 1 
RETA 2 
BETAIPRI 1 
RETAtPRJ 2 
V l  
v 2  
v z  1 
V Z  2 
V-THETA 1 
V-THETA 2 
VIPRI 1 
VIPR) 2 
VTHETA PR1 
VTHETA PR2 
u 1  
u 2  
Y 1  
Y 2  
YIPRI 1 
M(PR) 2 
TURN ( PR I 
UUBAR 
DFAC 
EFFP 
EFF 
INClDM 

33.589 
34.962 
51.246 
28.817 
-0.825 

641.78 
400.06 
405.50 
279.73 
505.11 

456.6 
405.5 

-220.1 
5.8 

499.82 
499.33 
0.4459 
0.5873 
0.4111 
0.3671 
29.642 
0.0523 
0.3088 
0.7870 
0.1834 
-2.62 

488.16 

35.067 
36.808 
51.667 
30.701 

1.624 

650.00 
389.53 
403.15 
291.49 
509.87 

453.0 
403.3 

-231.3 
-11.4 

527.79 
521.30 
0.4444 
0.5900 
0.413A 
0.3661 
29.071 
-0.0 173 

0.3121 
0.8850 
0.8829 
-4.94 

486.52 

36.545 
31.645 
52.476 
33.825 

5.600 
478.73 
631.38 
380.08 
388.66 
291.07 
505.16 

457.5 
390.5 

-254.7 
-38.1 

545.75 
543.27 
0.4370 
0.5174 
0.4176 

28.225 
-0.0037 

0.3529 
0.812R 
0.8105 
-5.40 

0.3538 

DEVM 4.555 3.584 3.440 

30 

38.023 
37.099 
52.997 
37.214 
10.158 
470.43 
627.51 
375.21 
383.77 
283.16 
496.48 

411.1 
389.9 

-284.9 
-6R.8 

568.71 
565.24 
0.4291 
9.5617 
0.4298 
0.3527 
27.056 
0.0038 
0.3816 
0.8865 
0.8843 
-5.21 

3.538 

10 

39.501 
36.481 
53.600 
42.611 
17.509 
443.46 
591.89 
356.57 
351.24 
263.66 
476.41 

484.5 
368.3 

-328.0 
-110.8 
591.67 
587.22 
0.4037 
0.5331 
0.4410 
0.3317 
25.103 
0.0826 
0.4531 
0.8199 
0.0166 
-2.75 

6.639 
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3 

PCT SPAN 

01 A 
BETA 0 
BETA 1 
v o  
v 1  
vz 0 
V I  1 
V-THETA 0 
V-THETA 1 
M O  
M 1  
TURN 
UUBAR 
OFAC 
FFFP 
I NC IDH 

D E W  

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
vz 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2A 
TURN 
UUBAR 

MSS PARAMETER 

UFAC 
EFFP 
I N C I O H  

Table B-2. 

I N L E T  GUIDE VANE 

Blade Element Performance (Continued) 

PFRCENT DESIGN SPEED = 69.6R 

CORRECTEO WEIGHT FLOW = 47.52 

CORRECTED ROTOR SPEEn = 2682.50 

1 

STATION 0 - STATION 1 

90 70 50  

33.622 
0 000 

34.220 
195.80 
268.99 
195.80 
222.43 

0.00 
151.28 
0.1759 
0.2424 
-34.22 
0.0755 
-0.007 
1.0649 
*****,e 

35.167 
0.000 

35.870 
195.80 
268.42 
195.80 
217.52 

0.00 
157.2R 
0.1759 
0.2419 
-35.87 

-0.0637 
0.041 

1.1147 
26.9001 

36.711 
0.000 

3 t .910 
195. 80 
263.33 
195.80 
210.56 

0.00 
158.15 
0.1759 
0.2372 
-36.91 

- 0.0414 
0.071 

1.0935 
27.3001 

7.880 7.030 6.790 

SMTTED STATOR 1 

STATION 2 - STATION 2A 

90 

57.340 
42.320 
462.85 
249.28 
249.78 
184.31 
389.66 
167.83 
0.4142 
0.2210 
15.020 
0.2009 

.06232 

0.6614 
0.9238 

5.19 

DEVH 20.18 
0IA 33.564 

70  50 

57.940 59.310 
33.840 32.310 
460.15 454.15 
302.51 316.32 
244.25 231.79 
251.26 267.34 
389.97 390.54 
168.46 169.07 
0.4120 0.4061 
0.2690 0.2813 
24.100 27.000 
0.0792 0.0403 

.02873 .01550 

0.5527 0.5256 
1.1798 1.4289 

5.79 7.16 

11.70 10.17 
34.992 36.420 

3 0  

38.256 
0.000 

36.720 
195.80 
259.39 
195.80 
207.11 

0.00 
154.49 
0.1759 
0.2327 
-36.77 

-0.0191 
0.090 

1.0689 
2 7.7001 

8.180 

3 0  

61.370 
33.340 
444.39 
292.79 
212.93 
244.60 
390.05 
160.92 
0.3967 
0.2599 
28.030 
0.1041 

.04104 

0.5858 
1.3030 

9.22 

11.20 
37.848 

10 

39.801 
0.000 

36.690 
195.80 
241.45 
195.80 
193.61 

0.00 
144.26 
0.1759 
0.2173 
-36.69 
0.1592 

0.154 
0.8142 

28.1001 

8.610 

10 

67.900 
36.250 
425.21 
259.24 
159.97 
209.07 
393.97 
153.29 
0.3790 
0.2299 
31.650 
0.1593 

.06266 

0.6696 
1.3704 

15.75 

14.11 
39.2-76 

B-21 

PCT SPAN 

01 A 
BETA 1 
BFTA 2 
BETA( PR 
I3 ET A t PR 
v 1  
v 2  
v z  1 
v 7  2 
V-THETA 
V-THFTA 
V ( P R )  1 
V t P R )  2 
VTHFTA P R I  
VTHETA PR2 
u 1  
u 2  
M l  
M 2  
M I P R I  1 
M(PR) 2 
TURN( PR)  
UIJBAR 
OFAC 
EFFP 
EFF 
l N C I D H  

DEVM 

PLOW GENERATION ROTOR 

STATION 1 - STATION 2 

90 70 50  30 10 

33.589 
34.220 
51.340 
47.444 
0.799 

26R.99 
462.85 
222.43 
249.78 
151.28 
389.b6 

378.9 
249.8 

-242.3 
-3.5 

393.54 
393.15 
0.2424 
0.4147 
0.2964 
0.2236 
46.645 
0.2226 
0.5294 
0.7211 
0.7175 

16.00 

35.067 
35.870 
51.940 
49,462 

4.791 
268.42 
460.15 
717.52 
244.25 
157.7R 
389.97 

334.7 
245.1 

-254.3 
-20- 5 

411.61 
410.45 
0.2419 
0.4120 
0.3015 
0.2195 
44.671 
0.2071 
0.5590 
0.7746 
0,7716 

13.82 

36.545 
36.910 
59.31P 

9.110 
263.33 
454.15 
210.56 
231.79 
158.16 
390.54 

343.6 
234.0 

-771.5 
-37.2 

429.69 
427.75 
0.2372 
0.4061 
0.3095 
0.2099 
43.092 
0.2341 
0.6143 
D .7477 
0.743A 

12.98 

52.210 

39,023 
36.770 
61.370 
54.771 
14.481 
25R. 39 
444.39 
707.11 
712.93 
154.49 
390.05 

219.9 
-293.3 
-55.0 

447.17 
445.04 
0.2327 
0,3967 
0.3234 
0.1063 
40.289 
0.2994 
0.689R 
0.7171 
0.7112 

12.35 

359. n 

39.501 
36.690 
67.900 
58.950 
73.142 
741 * 45 
475.71 
193.61 
159.97 
144.76 
-491.97 

375.4 
174.0 

-371 .b 
-68.4 

465. P6 
467.14 
0.21 73 

0.3379 
0.1551 
35.808 
0.4196 
0. R569 

0.6989 
13.59 

0.3700 

0.702~ 

6.179 6.751 6.959 7.861 12.277 
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Tab le  B-2. Blade Element Performance (Continued) 

PERCENT DESIGN SPEED = 69.89 

CflRQ€CTED HEIGHT FLOW = 49.65 

CORRECTED ROTflR SPEED = 7690.70 

INLET GUIDE VANE 1 FLOW GENERATION WTOU 

30 

38.256 
0.000 

36.720 
204.88 
281.51 
204.88 
225.65 

0.00 
168.31 
0.1841 
0.2538 
-36.72 

-0.0116 
0.053 

1.0453 
27.7001 

8.lR0 

30 

5A. 914 
32.548 
443.27 
311.33 
22R.97 
262.43 
379.62 
167.50 
0.3964 
0.2769 
26.366 
0.0597 

.02375 

0.5248 
1.2503 

h.76 

10.41 
37.948 

STATION 0 - STATION 1 STATIilN 1 - STATION 2 

90 70 50 30 10 PCT SPAN 10 

19.801 
0.000 

36.820 
204.88 
264.93 
204.88 
212.Ofl 

0.00 
158.77 
0.1841 
0.2387 
-36.82 
0.168R 

0.115 
0.8357 

28.1001 

8.480 

10 

65.106 
36.275 
425.62 
269.59 
179.16 
217.34 
386.07 
159.51 
0.3801 
0.2397 
28.831 
0.1501 

.own3 

0.6294 
1.0107 

12-96 

14.14 
39.?76 

PCT SPAN 90 

33.589 
34.290 
55.818 
44.097 

2.686 
7R9.41 
461.97 
239.11 
259.55 
163.05 
382.17 

332.9 
259.8 

-231.7 
-12.2 

394.74 
394.35 
0.7610 
0.4141 
0.3003 
0.2329 
41.410 

0.4820 
0.7772 
0.7743 

12.66 

8 .Oh6 

n. 1067 

70 50 

011 
BFTA 0 
BETA 1 
v o  
v 1  
vz  0 
V I  1 
V-THFTA 0 
V-THETA 1 
M O  
M 1  
TURN 
UU 8 AR 
DFAC 
EFFP 
INCIDM 

DFVM 

33.622 
0.000 

34.290 
204.88 
289.41 
204.88 
239.11 

0.00 
163.05 
0.1841 
0.2610 
-34.29 
0.0087 
-0.028 
1.0374 
****e* 

35.167 
0.000 

35.980 
204.88 
289.50 
204.88 
234.27 

0.00 
170.08 
0.1841 
0.2611 
-35.98 

- 0.9466 
0.013 

1.0779 
26.9001 

36.711 
0.000 

36.870 
204.88 
2R5.63 
204.88 
228.50 

0.00 
171.38 
0.1841 
0.2576 

-0.0320 
0.036 

1.0655 
27.3001 

-36.87 

01 A 
BETA 1 
BETA 2 
BETA( PR 
BFTA(P4 
v 1  
v 2  
vz 1 
vz  2 
V-THETA 
V-THETA 
V(PQ1 1 
V(PR1 2 

35.067 36.545 
35.980 36.R70 
56.630 57.466 
46.023 4A.64R 

5.976 10.610 
289.50 2fl5.63 
461.18 454.59 
234.77 278.50 
253.67 244.48 
170.08 171.38 
385.15 3R3.26 

295.1 248.7 
-242. 8 -259.6 

-26.6 -45.8 
412.87 431.01 
411.70 429.05 
0.2611 0.2576 
0.4136 0.4076 
0.3043 0.3119 
0.2288 0.2230 
40.047 38.038 
0.0877 0.0996 
0.5113 0.5506 
0.84R4 fl.8683 
0.8464 0.8665 

10.3R 9.42 

7.936 R.450 

337.4 345.9 

3R.023 19.501 
36.720 36.970 
58.914 65.104 
51.218 55.493 
16.768 21.441 
281.51 764.93 
443.27 425.69 
225.65 712.08 
228.87 179.16 
168.31 I58.77 
379.62 386.07 

360.1 374.4 
239.4 195.3 

-780. 8 -3na.5 
-66.R -77.7 

449.14 467.2R 
446.40 467.76 
0.2538 0.23R7 
0.3964 0.3R01 
0.3248 0.3371 

34.950 32.052 
0.1570 0.3026 
0. 6090 0.771 3 

0.2132 0.1744 

0.7778 n. 7759 
n. 7748 n, 7v+i 

11.80 10.13 

1 
2 

1 
2 

VTHETA PR1 
VTHETA PRZ 
U l  
u 2  
M 1  
M 2  
MIPR) 1 
MIPRI 2 
TURN( PR # 
UURAR 
DFAC 
EFFP 
EFF 
TNCIOM 

7.810 6.920 6.Q30 

SU)"ED STATOR 1 

STATION 2 - STATIDN 2A 

90 

55.818 
41.304 
461.97 
263.33 
259.55 
197.82 
382.17 
173.81 
0.4141 
0.2337 
14.514 
0.1R34 

.05779 

0.6182 
O . f l 5 1 4  

3.67 

70 50 

56.630 57.466 
33.337 31.905 
461.18 454.59 
308.17 317.41 
253.67 244.48 
257.46 269.23 
385.15 383.26 
169.36 168.13 
0.4136 0.4076 
0.2743 0.2825 
23.293 25.481 
0.0864 C.0607 

.03159 .02344 

PCT SPAN 

RETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
V Z  2A 
V-THETA 2 
V-THETA 2a 
M 2  
M 2A 
TURN 
UURAR 

LOSS PARAMETER 

d i  OEVY 9.64R 12.571 

1 

W A C  
EFFP 
INClnM 

0.5360 0.5174 
1.0349 1.0465 

4.48 5.32 

11.20 9.85 
34.992 36.420 

DEVM 19.16 
DIA 33.564 

i 
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Table  B-2. Blade Element Performance (Continued) 

“ 1  
6 

INLET GUIDE VANE 1 

I 
I 

. i  

! 
. . .3 

PCT SPAN 

O I A  
BETA 0 
BETA 1 
v o  
v 1  
v z  0 
vz  1 
V-THETA 0 
V-THETA 1 
M O  
M I  
TURN 
UUBAR 
OFAC 
EFFP 
INCIOM 

OEVM 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
v z  2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
‘4 2A 
TURN 
UUBAR 

STATION 0 - STATION 1 

90 70 50 

33.622 
0.000 

34.338 
214.90 
306.21 
214.90 
252.85 

0.00 

0.1932 

-34.34 
0.0238 

1.0488 ****** 

172.73 

0.2r64 

-0.037 

35. 167 
0.000 

36.112 
214.90 

214.90 
247.42 

0.00 
180.50 
0.1932 

-36.11 
-0.0609 

0.006 

26.9001 

306.27 

0.2765 

1.0879 

36.711 

36.762 
0.000 

214.90 
302.40 
214.90 
242.26 

0.00 
180.99 
0.1932 

-36.76 

0.026 

27.3001 

0.2729 

-0.0477 

1.0776 

7.762 6.788 6.938 

SMTTED STATOR 1 

STATION 2 - STATION 2A 

90 

55.160 
41.063 
462.05 
267.35 
263.96 
201.58 
379.23 
175.62 
0.4142 
0.2375 

0.1834 
14.091 

LOSS PARAMETER .05805 

OFAC 0.6053 
EFFP 0.9336 
I N C  I OM 3.01 

OEVM 18.92 
01 A 33.564 

70 50 

56.007 56.498 
33.475 32.126 
465.28 457.70 
315.11 330.64 
260.14 252.63 
262.84 280.01 
385.77 381.66 
173.81 175.83 
0.4175 0.4102 

22.532 24.372 
0.2808 0.2948 

0.0955 0.0459 

,03487 .01768 

0.5216 0.4825 

3.86 4.35 

11.34 9.99 
34.992 36.420 

1.1413 1.3700 

PERCENT OESIGN SPEEO = 69.81 

CORRFCTEO WEIGHT FLOW = 52.00 

CORRECTED ROTOR SPEEO = 2687.73 

F W W  GENERATTON RO’IOR 

STATION 1 - STATION 2 

30 

38.256 
0.000 

36.314 
214.90 

214.90 
240.04 

0.00 
176.42 
0.1932 
0.2688 
-36.31 

-0.0238 
0.040 

1.0546 

297.90 

2 7. roo1 
8.586 

30 

55.136 
32.166 
449.89 
328.61 

278.18 
369.14 
174.95 
0.4028 
0.2928 
22.970 
0.0533 

.02129 

257.17 

0.4746 
1.3323 

2.99 

10.03 
37.848 

1 0  

39.801 
0.000 

36.532 
214.90 
282.29 
214.90 
226.R3 

0.00 
168.04 
0.1932 
0.2545 
-36.53 
0.1404 

0.098 
0.8702 

28.1001 

8.768 

10 

61.000 
35.351 
443.10 
289.63 
214.82 
236.23 
387.54 
167.58 
0.3959 
0.2574 
25.649 
0.184-’ 

.07345 

0.5915 
1.1666 

8.85 

13.21 
39.276 

PCT SPAN 

O I A  
BETA 1 
BETA 2 
BETAIPR)  1 
B E T A I P R I  2 
v 1  
v z  
YZ 1 
VL 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R )  2 
VTHETA PRL 
VTHETA PRZ 
u 1  
u 2  
M I  
M 2  
M I P R I  1 
M I P R I  2 
TURN1 PR) 
UUBAR 
OFAC 
EFF P 
EFF 
I N C I D H  

OEVM 

9 0  

33.589 
34.338 
55.160 
41.229 

3.185 
306.21 
462.05 
252.85 
763.96 
172.73 
379.23 

336.7 
264.4 

-221.6 
-14.7 

394.30 
393.91 
0.2764 
0.4142 
0.3035 

38,044 

0.4586 

0.2370 

0.0734 

0.7490 
0 . 7 ~  

9.79 

8.565 

70 

37.067 

56.007 
36.112 

43.147 
5.593 

306.77 
465.28 

260.14 
180.50 

339.1 
261.4 

-231.9 
-25.5 
412.42 
411.25 

247.42 

385.77 

0.2765 
0.4175 

37.553 

0.3061 
0.2345 

0.0350 
0.4831 
0.8356 
0.8334 

7.51 

7.553 

50  

36.549 
36.762 
56.498 
45.844 
10.521 
302.40 
457.70 
242.26 
252.63 
1R0.99 
3A1.66 

3 4 7 . ~  
257.0 

- 249.5  
-46.9 

430.53 
428.58 
0.2729 
0.4102 
0.3139 
0.2303 

0.0411 
0.5154 
0.8761 
0.8238 

6.62 

8.361 

35.327 

30 

38.027 
36.314 
55.136 
48.596 
16.627 
797.90 
449. 89 
240.04 

176.42 
369.14 

367. 9 
268.4 

-772.2 
-76.8 

448.65 
445.91 
0.2688 

0.3275 

257. I r 

0 . 4 0 7 ~  

0.2403 
31.973 

n. 5061 
0.0163 

0.8177 
O.Rl53 

h.18 

10. on2 

1 0  

3s. 5 0 1  
36.537 

57.790 
19.412 
2R2.29 

776.83 
714.87 
168. 04 
787.56 

227.9 
- 298.7 

61. on0 

443. in 

375.1 

-75.7 
466. rr, 
463.25 
0.7545 
0.3969 

0.2035 
33.377 

0.6757 

0.3382 

n. 1721 

0. 7907 
0. r8rT 

7.43 

8.542 
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I 

PCT SPAN 

- 1  
i 

i 
. J  

O I A  
W T A  0 
BETA 1 
v o  
v 1  
v 2  0 
vz  1 
V-THETA 0 
V-THETA I 
M O  
H 1  
TURN 
UUBAR 
OFAC 
EFFP 
I N C I O H  

OEVM 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
v 2  2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2A 
TURN 
UUBAR 

Table  B-2. Blade Element Performance (Continued) 

PERCENT OESIGN SPEED = 69.83 

CORRECTFO WFIGHT FLOW = 56.00 

CORRECTED ROTOR SPEED = 76118.56 

I N L E T  GUIDE VANE I FLOW GENERATION ROTOR 

STATION 0 - STATION 1 

90 70  50 30 10 

33.622 
0.000 

34.556 
232.14 

232.14 
275.69 

0.00 
189.89 
0.208R 
0.3026 
-34.56 
0.0227 
-0.047 
1.0418 ****** 

334.75 

35.167 
0.000 

36.328 
232.14 
334.20 
232.14 
269.24 

0.00 
197.98 
0.2088 
0.3021 
-36.33 

-0.0568 
-0,002 
1.07tl 

26.9001 

36.711 
0.000 

36.869 
232.14 
329.33 
232.14 
263.47 

0.00 
157.59 
0.2088 
0.2976 
-36.87 

-0.0386 
0.019 

1.0611 
27.3001 

38.256 
0.000 

36.513 
232.14 
323.66 
232.14 
260.13 

0.00 
192.58 
0.2 088 
0.2 924 
-36.51 

-0.0114 
0.037 

1.0355 
77.7001 

39.801 
0.000 

36.366 
232.14 
306.07 
232.14 
246.43 

0.00 
1R1.45 
0.708R 
0.2762 
-36.37 
0.1591 

0.091 
0.8503 

28.1001 

7.544 6.572 6.831 8.387 8.934 

SLOTTED STATOR 1 

STATION 2 - STATION 2A 

90 70 5 0  30 10 

53.534 
39.883 
474.47 
289.53 
282.00 
222.17 
381.57 
185.65 
0.4265 
0.2578 
13.651 
0.1750 

54.470 
32.664 
478.60 
337.40 
278.13 
284.04 
389.49 
182.10 
0.4307 
0.3013 
21.806 
0.0868 

55.088 
31.887 
470.60 
349.18 
269.33 
296.49 
385.91 
184.45 
0.4230 
0.3119 
23.201 
0.0473 

55.387 
32.208 
465.70 
349.20 
264.53 
295.53 
383.27 
186.16 
0.41 82 
0.3117 
23.179 
0.0591 

58.200 
35.710 
429.93 
312.95 
226.55 
254.1 I 
365.39 
182.66 
0.3845 
0.2787 
22.490 
0.0577 

LOSS PARAMETER .OS639 .03199 .01827 .02262 .02283 

DF A t  0.5621 0.4842 0.4531 0.4511 0.4873 
FFFP 0.8687 0.9834 1.1397 1.0345 1.4007 
I N C I O M  1.38 2.32 2.94 3.24 6.05 

nEVM 17.74 10.52 9.75 10.07 13.57 
O f A  33.564 34.992 36.420 37.r14R 39.276 

STATION 1 - <TATION 2 

PCT SPAN 90 70 50 30 10 

D I  A 
BETA 1 
BETA 2 
R E T A i P R I  1 
8 F T A l P R )  2 
v 1  
v 2  
v z  1 
VL 2 
V-THETA 1 
V-THETA 2 
V ( P R )  1 
V ( P R )  2 
VTHETA PR1 
VTHETA PR2 
U l  
u 2  
M l  
H 2  
W(PR) 1 
M I P R I  2 
TURN( PR)  
UUBAR 
OFAC 
EFFP 
EFF 
I N C I O M  

33.589 
34,556 
53.534 
36.574 

2.530 
334.75 
474.47 
275.69 
282.00 
189.88 
381.57 

343.3 
282.3 

-204.5 
-17.5 

394.43 
394.03 
0.3026 
0.4265 
0.3103 
0.2538 
34.043 
0.0469 
0.4004 
O . R O 1 R  
0.7995 

5.13 

35.067 
36.328 
54.470 
38.552 

4.499 
334.20 
418.60 
269.24 
279.13 
197.98 
389.49 

344.3 
279.0 

-214.6 
-21.9 

412.54 
411.37 
0.3021 
0.4307 
0.3112 
0.2511 
34.053 
0.0019 
0.4211 
0.9155 
0.9144 

2.91 

36.545 
36.869 
55.ORB 
41.497 

9.030 
329.33 

763.47 
269.33 
107.59 
3R5.91 

351.8 
777.7 

-233.1 
-42.8 

430.66 
428.71 
0.2976 

0.3179 
0.2451 
37.467 
0.0135 
0.4607 
0.8965 
0.8951 

2.27 

470.60 

0.4230 

3 ~ . n 7 3  
lh. 51  3 
55.587 
44.564 
13.351 
323.66 
465.70 
2h0.13 
264.53 
192.59 
3R1.77 

365.1  
271.9 

-756.2 
-67. A 

448.78 
446.05 
13.2924 
0.4282 
0.3299 
0.2442 
31.713 
fl.0338 
0.4968 
0. 8972 
0.8959 

7.14 

30.501 
16.366 
5R.200 
49.1 95 
73.1‘4 

479.91 
24h.43 
276.55 
1R1.45 
3h5.19 

377.1 
24F.R 

-285.4 
-9n.q 

466.90 
461.39 
0.9767 
0.3846 
0.7404 
0.770R 
25. 806 
0.13P7 

0,7441 
0.741 0 

3 .  8% 

?o6.n7 

0. 581 9 

OEV M 7.910 6.459 6.R70 6.731 17.571 
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Table  B-2. Blade Element Performance (Continued) 

PFRCENT DESIGN SPEEO = 69.71 

CrlRRECTEO WEIGHT FLOW = 62.06 

CORRECTED ROTOR SPEED = 2683.72 

I N L E T  GUIDE VANE 1 FLQW GENEEATION ROTOR 

STATION 0 - STATION 1 STATION 1 - STATION 2 

90 70 50 PCT SPAN 30. 10 PCT SPAN 90 70’ 50 30 10 

O I A  
BETA 0 
BETA 1 
v o  
V I  
vz  0 
v z  I 
V-THETA 0 
V-THETA 1 
M O  
M l  
TURN 
UUBAR 
DFAC 
EFFP 
I N C l D M  

DEVM 

33.622 
0.000 

258.51 

258.51 
304.83 
0.00 

211.10 
0.2328 
0.3359 
-34.70 
0.0257 
-0.040 
1.0413 
***e** 

34.704 

370.79 

35.167 
0.000 
36.366 
258.51 
370.54 
258.51 

0.00 

0.2328 

298.37 

219.71 

0.3357 
-36.37 

i.or8r 

- 0.0625 
0.003 

26.9001 

36.711 
0.000 

258.51 
365.63 
258.51 
291.32 
0.00 

220.95 
0.2328 
0.3311 

- 0.0441 
0.025 
1.0632 

3i.ir8 

-37.18 

27.3001 

38.256 39.801 
0.000 0.000 

36.503 36.442 
258.51 258.51 
359.83 340.55 
258.51 251.51 

0.00 0.00 
214.05 202.29 
0.2328 0.2328 
0.3?57 0.30RO 
-36.50 -36.44 
-0.rJ184 0.1525 

0.038 0.094 

289.24 273.96 

1.0387 0 . ~ 5 1 8  
27.7001 28.1001 

8.397 8 . ~ 5 8  

DI A 
BETA 1 
BETA 2 
BFTA(PR1  1 
BETAtPR) 2 
v 1  
v 2  
vz 1 
v z  2 
V-THETA I 
V-THETA 2 
V I P P )  1 
V I P R )  2 
VTHETA PR1  
VTHETA P42 
u 1  
u 2  
M 1  
H 2  
MtPR)  1 
M f P 4 1  2 
TUQNf PR1 
UUBAR 
DFAC 
EFFP 
EFF 
I Y C I D M  

33.589 

51.339 
30.924 
0.115 

507.90 
304.R3 
314.17 
211.10 
397.69 
365.3 
3 14.2 

-182.6 
-0.6 

393.32 

0.4533 
O.3?19 
0.2832 
30.A09 

0.3197 
0.7531 

-0.52 

34.704 

370.79 

397.71 

n.3359 

0.0720 

0.7505 

35.067 

32.774 
3.607 

298.37 

36.366 
51.014 

370.54 
502.63 

316.22 
719.71 
390.70 
354.9 
316.9 
-192.1 
-19.9 
411.80 
41% 63 
0.3357 
0.4532 
0.3215 
0.2857 
29.166 

0.3095 
0.8150 
0.8130 
-2.R7 

-0.0073 

36.545 

52.416 
35.649 
7.214 

365.63 
492.08 
291.32 
300.13 
220.95 
3R9.95 
358.5 
302.5 

-208.9 

429.89 
427.94 
0.331 1 
0.4431 
0.3247 

28.435 
0.0233 
0.3642 

37.178 

-38.13 

0.2124 

0.7955 
0.7932 
-3.58 

38.023 
36.503 
52.202 
38.965 
12.013 
359. R3 
483.65 
289.24 
2%. 42 
214.05 

372.0 
301.1 

- 233.9 
-63.1 
447.98 
445.25 
0.3257 

0.3368 

76.952 
0.0372 
0.3947 
0.8163 
0.8142 
-3.45 

387. i r  

0.4352 

0.2727 

39.501 
36-44? 
52.8b4 
43.915 
17.959 
340.55 
465.A7 
773.96 
281.25 
202.29 
371.39 
3 RO. 3 
295.7 

-363.8 
-91.2 
466.06 
462.45 

0.41 85 
0.3439 
0.2656 
25.956 

n. 3080 

n. 0565 
n. 4 3 ~ 5  
n. 8317 
0.8297 
-1.45 

7.396 6.534 6.522 

SLOTTED STATOR 1 

STATION 2 - STATION 2A 

90 

51.339 
36.064 
502.90 
338.93 

273.98 
392.69 
199.52 
0.4533 
0.3033 
15.275 

314.17 

0.1475 

.05005’ 

0.4864 

-0.81 

13.92 
33.564 

1. 1467 

70 50 PCT SPAN 

8FTA 2 
BETA 2A 
v 2  
V 2A 
VZ 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2A 
TURN 
I IU BAR 

LOSS PARAMETER 

30 10 

52.202 52.864 
31.485 34.939 
483.65 465.87 
377.08 342.40 
296.42 2A1-25 
321.56 290.69 
382.17 371.39 
196.94 196.10 
0.4352 0.4186 
0.3377 0.3060 

0.0535 0.1331 
.02066 .05320 

20.717 17.925 

51.014 52.416 

502.63 492. 08 
31.520 31.427 

OEVM 5.495 5.567 5.054 5.393 7.089 372.23 378.03 
316.22 300.13 
317.31 322.57 
390.70 389.95 

0.4532 0.4431 
0.3338 0.3389 
19.494 20.989 

194.60 i9r.11 

o . o m  0.0508 

.02976, .01972 

0.4298 0.4105 
1.4032 1.6032 
-1.14 0.27 

9.38 9.29 
34.992 36.420 

0.4024 0.4512 
1.3539 1.0592 

0.05 0.71 

DFAC 
EFFP 
I NC I D M  

DEVM 
O I A  

i 
4 9.35 12.90 

37.84~ 39.276 
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% 

"3 1 
d 

IET SPAN 

OIA 
BETA 0 
SETA 1 
v o  
v 1  
v z  0 
vz  1 
V-THETA 0 
V-THETA 1 
M O  
M 1  
TURN 
UUBAR 
DFAC 
EFFP 
INCIOM 

OEVH 

PCT SPAN 

BETA 2 
BETA 2A 
v 2  
V 2A 
vz 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2  
M 2A 
TURN 
UUBAR 

LOSS P A M T E R  

nFAC 
FFFP 
I N C I D H  

OEVH 

Table  B-2. Blade Element Performance (Cont inued)  

PERCENT DESIGN CPEEO = 7o.no 

CORRECTED HEIGHT FLOW = 67.38 

CORRECTED ROTOR SPEED = 2694.40 

INLET GUIDE VANE 1 

STATION 0 - STATION 1 

90 70 50 30 10 

33.622 
0.000 
34.731 
282.07 
400.26 
282.07 
328.95 
0.00 

228.04 
0.2543 
0,3633 
-34.73 
0.0263 
-0.029 
0.9898 
***e** 

35,167 
0.000 
36.472 
282.07 
399.30 
282.07 
321.10 
0.00 

237.36 
0.2543 
0.3624 
-36.47 

-0.0077 
0.016 
1,0223 

26.9001 

36.711 
0.000 
37.104 
282.07 
397.89 
282.07 
314.15 
0.00 

237.62 
0.2 543 
0.3573 
-37.10 
0.0062 
0.031 
1.0093 

27.3001 

38.256 
0.000 

36.460 
7R2.07 
356.87 
282.07 
311.15 
0.00 

229.90 
0.2543 
0.3508 
-36.46 
0.0340 
0.052 

0.9R02 
27.7001 

39.801 
0.000 
36.2RR 
282.07 
365.66 
2f12.07 
294.74 
0.00 

216.41 
0.2543 
0.3311 
-36.29 
0.19R1 
0.107 
0.7967 
28.1001 

7.369 6.428 6.596 8.440 9.012 

SIDTTED STATOR 1 

STATION 2 - STATION 2A 

90 70 50 30 10 

49.160 
35.980 
521.90 
379.86 
341.29 
307.39 
394.84 

0.4713 
0.3415 
13.180 
0.1414 

223. ir 

49.265 

526.95 

343.87 
345.81 
399.29 
228.95 
0.4765 

15.759 
0.0808 

33.507 

414.73 

0.3739 

49.485 
33.208 
514.71 
415.34 
334.38 
347.51 
391.30 
227.47 
0,4649 

16.277 
0.0596 

0.3742 

49.043 
33.193 
502.78 
410.21 
729.57 
343.28 
379.70 

0.4536 
0.3689 
15.850 
0.0600 

224.57 

49.529 
33.572 
484.68 

314.59 
314.75 
368.71 
208.90 
0.4369 
0.3380 
15.957 
0.1333 

7rr.76 

.04893 .02947 .02268 .02370 .05417 

0.4095 0.3542 0.3384 0.3310 0.3839 
1.5655 2.3051 2.4813 1.7R71 0.9737 
-2.99 -2.88 -2.67 -3.11 -2.62 

13.84 11-31 11-07 11.05 11.43 

F L O W  GBNEXATION ROTOR 

STATIflN 1 - STATION 2 

PCT SPAN .90 70 50  30 10 

D I A  
BFTA 1 
BETA 2 
RETA(PR1 1 
5 E T A I P R l  2 
V I  
v 2  
VZ 1 
vz 7 
V-THFTA 1 
V-THETA 2 
V f P R l  1 
V f P R t  2 
VTHFTA PR1 
VTHFTA PR2 
u 1  
U ?  
H 1  
I 4 2  
M I P R )  1 
M I P R )  2 
TURN1 PR I 
UUBAR 
DFAC 
EFFP 
EFF 
I N C I D H  

33.519 
34.731 
49.160 
26.961 
0 -024 

400.26 
521.90 
328.95 
341.29 
228.04 
394.R4 
369.1 
341.3 
-167.3 
-0.1 

395.37 
394.91, 
0.3633 
0.4713 

0.30A2 
26.938 

0.2555 
0.6298 
0.6266 
-4.40 

0.7350 

0.1677 

35.067 
3h.479 
49.265 
9A.752  
2.176 

399.30 
52h.95 
321.10 
343.07 
237.36 
199.29 
360.3 
344.1 

-176.2 
-13.1 

413.53 
412.36 
0.3624 
0.4765 
0.3724 
0.7112 
26.576 

0.2462 
0.7576 
0.7557 
-6.89 

0.0874 

36.545 

49.485 
11.707 
6.55R 

393.89 
514.71 
314.15 
334.78 
237.62 

369.3 
736.6 

-194.1 
-38.4 
431.69 
429.74 
0.3573 
0.4649 
0.3750 

25.149 
0.0833 
0.2724 
0.7430 
0.7415 
-7.52 

37.104 

391.30 

1-1-3040 

78.023 
36.46n 

35.257 

1R6.87 
507.7fl 
311.15 
779.57 
779.90 
379.10 

3R1.0 
336.4 

-67.4 
449.86 
447.17 
0.350R 
0.4536 
0.3455 

27.697 

0.299R 
0.7353 

-7.16 

49. n43 

11.560 

-220.n 

0.3035 

n. 0931 

n. 7 3 2 ~  

39.501 
36.2RS 
49.529 

16.935 
365.66 
484. 69 
794.74 
314.59 
716.42 
368.71 
3R7.5 
37n. 9 

-751.4 
-95.9 

46A. 02 
464.50 
0.331 1 

4n.406 

n. 4369 
0.1509 
n.2964 
73.557 
0.1 OR5 
0.347s 
0. A076 
0.8057 . 
-4.87 

OEVM 5.404 4.136 4.396 4.940 6.065 

D I A  33.564 34.992 36.420 37.848 39.276 
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